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SUMMARY

L-O-S-T is a FORTRAN computer program that can be used to quantify,
analyze, and improve user selected harvesting methods. Harvesting times and
costs are computed for road construction, landing construction, system move
between landings, skidding, and trucking. Nonlinear harvesting relationships,
irregular boundary shapes, nonuniform timber densities, unequal distances
between multiple landings, variations in road construction conditions, changes
in trucking speeds, and harvesting restrictions (environmental, physical, and
time) can be analyzed. A linear programming formulation utilizing the rela-
tionships among marginal analysis, isoquants, and the harvesting methods is
used to estimate and select the harvesting procedure having maximum profits.
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L-O-ST: Logging Optimization
Selection Technique

Jerry L. Koger and Dennis B. Webster

INTRODUCTION

An age-old problem for timber harvesters is that of
selecting the location for roads and landings that will
maximize profits. This complex problem is partially
due to: 1) nonlinear harvesting relationships, 2) non-
uniform terrain and timber characteristics, 3) irregu
lar tract boundaries with interior obstacles, and 4) the
lack of a general mathematical expression describing
total costs as a function of road densities, landing
spacings, skidding distances, and equipment mixes.

Existing Solution Techniques

One of the earliest mathematical attempts to mini-
mize harvesting costs was by Matthews (1942). To
simplify the problem, he assumed: 1) the forest
boundary could be approximated by simple geometric
shapes, 2) linear cost relationships, 3) equal spacings
between multiple landings, and 4) uniform slopes and
timber densities. Using an indirect method, Mat-
thews determined the optimum location of roads and
landings by using calculus to obtain the minimum of
unconstrained equations. Peters (1978) extended this
approach by developing a direct method to determine
optimum location of roads and landings. Although
Peters used most of Matthews’' assumptions, he
included landing costs and used a mathematically
accurate method developed by Suddarth (1952) for
determining average skidding distance. Corcoran and
Sammis (1975) developed a computer program to
solve the road and landing spacing equations devel-
oped by Matthews. Their computer program solves
two equations in two unknowns through a heuristi-
cally iterative procedure.

Operations research techniques were used very
early by Lussier (1960, 1961) to minimize harvesting
costs. He developed equations useful in determining
the optimum number of landings, the distance
between skid roads, and optimum skid road stand-
ards. Lussier also discussed several limitations on

using a strictly mathematical approach and in mak-
ing simplified assumptions in solving harvesting
problems.

Gibson and Egging (1973) developed a location-
allocation model for determining the optimal number
and location of landings when using rubber-tired skid-
ders. A truncated enumeration algorithm was used in
the allocation phase to search systematically for a
local optimum solution. Dynamic programming and a
branch and bound methodology were used to find the
global optimal solution.

Dykstra (1976) used mathematical and heuristic
programming to determine the design of individual
cutting units and the assignment of specific logging
equipment to each cutting unit. He assumed that
timber within each “type island” was homogenous
and uniformly distributed and that only cable sys-
tems would be used to harvest timber on clearcuts.
He also developed a digital model to portray topogra-
phy, timber conditions, and harvest restrictions.

Carter et al. (1973) developed a computer model to
determine the optimum spacings of roads and land-
ings. Their work involved minimizing harvesting
costs in the Rocky Mountain area where timber was
accessible either by contour work-roads or switch-
backs. An iteration solution technique was used to
find simultaneous zero points of the partial deriva-
tives of the road and landing spacing equations.

Several simulation models have been developed to
analyze timber harvesting problems. However, most
simulation models consider only a single landing and
are not specifically developed to determine the opti-
mum location of roads and landings. Several simula-
tion models [Forest Harvesting Simulation Model
(FHSM), Harvesting System Simulator (HSS), Simu-
lation Applied to Logging Systems (SAPLOS), and
Timber Harvesting and Transport Simulator
(THATS)] were evaluated by Goulet et al. (1980).

Weintraub and Navon (1976) developed a mixed
integer linear programming model to maximize dis-
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counted revenues from timber sales. Road construc-
tion and maintenance, timber management, and
transportation were considered. The model was devel-
oped as a tool for decision in long range forest plan-
ning. Constraints were allowed on available capital,
quantity of timber harvested, haul capacity of each
road, and stand access. Kirby (1974) and Newnham
(1975) also developed mathematical programming
models useful in the long-range planning of harvest-
ing operations.

Objectives

Existing techniques have provided useful insights
into optimum timber harvesting strategies. For har-
vesting specific tracts of timber by ground-based
skidding systems, these models are limited. Realistic
harvesting costs often are not computed because
overly simplified assumptions are made concerning
stand boundary shapes, slopes, timber characteris-
tics, and harvesting methods. The objectives of this
study were to: 1) develop a computer program capa-
ble of determining realistic harvesting times and
costs for highly individualistic conditions, and 2) uti-
lize these harvesting times and costs, as well as har-
vesting constraints, in a unique linear programming
formulation to obtain maximum profits. This FOR-
TRAN computer model is titled L-O-S-T, an acronym
for logging optimization selection technique.

HARVESTING FUNCTIONS OPTIMIZED

Although the methodology used to compute har-
vesting times and the linear programming formula-
tion are general, the equations used to compute har-
vesting times are based on data collected in the Ten-
nessee Valley Region (fig. 1). Harvesting times and
costs are only calculated for road construction, land-
ing construction, system move between landings,
skidding, and trucking (fig. 2). Their relationships to
selecting harvesting methods and the linear program-
ming formulation are discussed in later sections.
Costs are not calculated for felling, bucking, and load-
ing (figs. 3 and 4) because those costs are not assumed
to be significantly affected by the locations of roads
and landings. The assumed general relationships
among various harvesting activities and harvesting
costs optimizations are shown in figure 5.

Road Construction

Construction of truck roads within the harvest
boundary reduces skidding costs, but increases road
construction, landing construction, system move,
and trucking costs. In L-O-S-T, a road is considered
1s a low volume, temporary structure constructed
solely for removing trees. If a high volume road is

-

constructed with a design standard or life expectancy
greater than that needed for timber harvesting, then
the cost of the road must be adjusted to reflect only
timber harvesting. The equation (Al, appendix 1)
used to compute road construction times was devel-
oped by Koger (1978) from data collected in the Ten-
nessee Valley Region.

Due to irregular terrain, construction conditions
are seldom uniform over the entire road network. In
order to determine more accurately construction
costs, the road can be divided into short segments.
These segments reflect differences in bank cubic
yards, road slope (grade), or construction problems
caused by rock or dense timber.

Although the number of bank cubic yards removed
for making the roadbed is a variable, it does not have
to be computed by the user. However, the user must
supply roadbed width, side-hill slope, cut-slope ratio,
and fill-slope ratio. This information is used in an
equation reported by Bowman et al. (1975) to calcu-
late bank cubic yards. Another variable, the number
of acres in the road right-of-way, is algo calculated for
the user.

The construction of skid trails or skid roads for use
by rubber-tired skidders is not computed in L-O-S-T.
Skid road costs are assumed to be independent of the
locations of truck roads and landings.

Landing Construction and System Move

Landings are usually constructed in conjunction
with the road system, primarily as storage and load-
ing areas for the skidded trees. Increasing landings
decreases skidding costs, but increases system move,
landing construction, and trucking costs. The equa-
tion used to compute landing construction times is a
modification of the road construction equation (Al,
appendix 1). The landing size in acres is converted to
an “equivalent” road length based on an assumed
cleared road width of 26.7 feet. An average cleared
road width of 26.7 feet was observed in a study of
logging roads-in the Tennessee Valley Region (Koger
1978). A road construction condition factor of 3,000 is
used (variable X6). In addition, the depth of the cut to
level the landing site is assumed to be uniform across
the landing area.

System move costs are those involved in moving
equipment such as loaders, crawler tractors used for
decking or landing maintenance, and shop trucks to
the next landing. These costs are related to the dist-
ance and road condition between landings, the
amount and type of equipment, and the hourly cost of
the equipment and associated labor. Skidders may be
included if they travel unloaded to the next landing
site. Haul trucks are not included. If only one landing
is used, system move costs are assumed to be zero.
Move-in costs are not considered because they are



Figure 1-The Tennessee Valley Region (Tennessee, Kentucky, Virginia, North Caroling, Georgia, Algbama, & Mississippi).

assumed to be approximately constant with whatever
the locations of roads and landings.

In the linear programming formulation, landing
construction and system move times are considered
together. Since a relationship exists between these
two costs, it is perhaps easier to think of them jointly
rather than separately. Equation A5 (appendix 1) is
used to compute a weighted time for landing con-
struction and system move between landings.

Skidding

Skidding costs depend largely on skidding dist-
ance, which can be controlled through the locations of
roads and landings. Skidding costs decrease as the
density of roads and landings increases. The equation
(A3, appendix 1) used to compute skidding times was
developed by Koger (1976) for articulated, four-wheel
drive, rubber-tired skidders operating in the Tennes-
see Valley Region. The range of observed volumes
skidded in this region is shown in table 1 (appendix 1).
Techniques available to compute average skidding
distance are described in appendix 2. The differences

among average skidding distance, the distance
actually traveled by the skidder, and fixed skidding
distance are also discussed.

Trucking

Trucking over roads within the harvest boundary
reduces skidding costs but increases trucking, road
construction, landing construction, and system move
costs. The trucking speeds and load volumes shown
in tables 2 ~ 4 (appendix 1) are based on data collected
in the Tennessee Valley Region by Koger (1981). With
respect to the optimum location of roads and land-
ings, it is not necessary to compute trucking costs
from the mill to the edge of the harvest boundary.
This distance remains constant and is not affected by
the road density or trucking pattern inside the har-
vest boundary. However, trucking costs are com-
puted from each lauding to the mill or delivery point
because calculating these costs: 1) does not change
the optimum location of roads and landings, 2) may
alert the user to consider other routes from the mill to
the harvest boundary, and 3) provides the user with
an estimate of total trucking costs.




Figure 2.-Truck road construction, system moue between landings, skidding, trucking, and landing construction times are computed in L-O-S-T.

SELECTING HARVESTING METHODS

Method Selection

The user must determine either two, three, or four
different-but realistic-harvesting methods. These
different methods can be viewed as harvesting or
transportation plans. As a rule this requires drawing
the boundary, stand densities, harvesting restric-
tions, road and landing locations, and skidding pat-
terns on a topographic map. The methods should be
selected so that road density (or road length) is at a
minimum for the first method and at a maximum for
the last method. Intermediate methods should be
between these limits. Truck roads can be divided into
segments to reflect differences in sidehill slope, road
slope (grade), road width, or other construction fac-
tors. The size, construction condition, and distance
from the harvest boundary is needed for each landing.
The skidding pattern must be determined for each

area and all landings. An area is a subdivision of a
stand and its boundary is used in determining aver-
age skidding distance. Areas should be numbered
consecutively within a stand and numbered so that
no two areas have the same area number. An area can
be subdivided into two or more new areas to reflect
changes in skidding patterns among landings for dif-
ferent methods. The complexity of harvesting prob-
lems and the level of detail or realism required by th
user is reflected in the number of areas selected.

Types of Harvesting Plans

L-O-S-T is capable of analyzing most ground-based
plans including: 1) single road extension, 2) variable
landing spacings along a fixed road length, 3) parallel
roads, 4) multiple contour roads, 5) spur road exten-
sions from major roads, and 6) climbing roads with
switchbacks. The only requirement for analyzing any
harvesting plan is that some relationship of road




Figure3.—Felling, bucking, skid rood congtruction, and bunching times are not computed in L-O-ST.

length and skidding exists between adjacent harvest-
ing methods: From a silviculture perspective these
harvesting plans could be for individual tree selec-
tion, group selection, diameter limit, financial matu-
rity, or clear cuts. Once a cutting practice has been
selected for an area in one method, it must remain the
same in all the remaining methods. More than one dif-
ferent cutting practice may be used within a stand or
harvest boundary.

OPTIMIZATION METHODOLOGY

Linear Programming Formulation

After the hours required for road construction,
landing construction, system move between landings,
skidding, and trucking have been calculated for each
method, they are utilized in a linear programming
formulation (equations 1 — 6). The formulation deter-

mines the proportion (A) of each method that should
be used. The formulation used in L-O-S-T is a slight
modification of McCarl’s (1979) and is also very simi-
lar to those developed by Allen (1956) and Chiang
(1974).

Maximize:  Z = PQ, - ECH, (1)
Subjectto: Q.- TQ\, o (@)
IX,\, -H, 2o (3)

Qo = Qm 4)

I, =1 (5)

H, b, (6)

>
Qu QA Hi=0
where: Z = objective function
P =delivered price of the harvested timber (ie.$/
1,000 hoard feet)




Figure &-Decking, loading, move-in, and unloading times are not computed in LO-S-T.
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Q, = volume of timber harvested (ie. board feet)

C, = hourly equipment and labor cost for the i th
activity (i= 1 for road construction, i = 2 for
landing construction and system move, i= 3
for skidding, and i = 4 for trucking

H; = the total number of hours of the i th activity
used by all harvesting methods

\,, = the proportion of the m th method used to
harvest the total volume of timber (a decision
variable)

X,,= the number of hours for the i th harvesting
activity of the m th method

b, = maximum number of hours allowed for the i th
harvesting activity

Formulation Explanation

The relationships among the formulation (equa-
tions 1 ~ 6), harvesting times, and harvesting meth-
ods are shown in figure 6. Assume that a boundary of
timber can be harvested by one of four methods (M,
M2, M3, or M4). For simplicity in graphing, only the
harvesting activities of skidding (the hours required
are mapped on the OS axis) and road construction
(the hours required are mapped on the OR axis) will
be considered. The volume of timber harvested is
constant and represented by the isoquant BC, Fewer
hours of skidding are required as the hours of road
construction increases. The harvesting methods can
be considered as activity rays (OM1, OM2, OM3, &
OM4) with four activity vectors:

S1V o IS27Y ve [S37 5, [S4
i [3] o= [3] 7o [2] - [24]

Each activity vector shows a distinct input ratio
capable of yielding a constant volume of harvested
timber (isoquant BC). Thus, P1 indicates that method
1 (M) is used to harvest all of the timber. This formu-
lation assumes that it is also possible to harvest tim-
ber in various convex combinations such as:
(vaP1+ %P2).

This means that a new method can be determined
which uses % of the skidding hours of method 1, plus
¥, of the skidding hours of method 2, plus ¥ of the
road construction hours of method 1, plus % of the
road construction hours for method 2. Graphically,
this means that the ratios for the combined processes
must lie on the dashed line segments (P1P2, P2P3,
P3P4). Assume that the optimum combination of
skidding and road construction hours is at point K1
on activity ray OK. Due to the convex nature of the
production function represented by the isoquant BC,
point K1 is not on BC. The difference between K1 and
K2 on the activity ray OK represents the error
involved in attempting to solve a nonlinear convex
production function with a linear approximation.
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Figure 7.--Error relationships involved in using the formulation.

This error is not considered to be significant; its rela-
tionships to the formulation, harvesting methods,
and harvesting costs are shown in figure ‘7. The for-
mulation will pick. only one method or a linear convex
combination of adjacent methods (Allen 1956; Chiang
1974).

The assumptions of linear ‘programming (additiv-
ity, linearity, divisibility, finiteness, and single-value
expectations) are basically those used in the tradi-
tional marginal analysis of the firm. For timber har-
vesting, a specific method has a constant and linear
proportionality between hours worked and volume
harvested. Fractional hours worked can result in a
fractional volume harvested. Finiteness means there
are limits to the number of hours permitted to har-
vest a boundary of timber. The single-value expecta-
tion assumption assumes realistically that the quan-
tity of timber harvested and its selling price is
known. Another basic assumption is that the volume
of timber harvested is not dependent on the harvest-
ing method. This results in a fixed output indepen-
dent of the number of hours required for road con-
struction, landing construction, system move, skid-
ding, and trucking.




HARVESTING EXAMPLE PROBLEM

Problem Description

An example problem has been developed to help
illustrate the procedures used to select different har-
vesting methods, data input requirements, linear
programming formulation, and program output. Spe-
cifically, the problem is to maximize profit by deter-
mining the least cost harvesting method for the
boundary of timber shown in figure 8. The timber is
to be harvested by a crawler tractor, two rubber-tired,
cable skidders, and two trucks (table 5, appendix 3).
Selected equipment weight and horsepower charac-
teristics are given in appendix 4. The problem is suffi-
ciently realistic to be interesting and complex’enough
to prevent the formulation of a genera mathematical
expression that could be differentiated to obtain mini-
mum costs. The complexity of the problem is
increased by: 1) an irregular boundary, 2) nonuniform
timber densities or timber stands (fig. 9), 3) elevation
changes, 4) restrictions on streambed crossings, 5)
unequal costs for different road segments and land-
ings, 6) unequal distances between landings, 7) nonli-
near skidding costs, 8) decreases in truck travel
speeds as the length of the road constructed inside
the harvest boundary increases, and 9) restrictions on
the time permitted for road construction (120 hours)
and skidding (600 hours).

Harvesting Methods for the Example Problem

For the first method, a woods road was con-
structed 350 feet inside the harvest boundary and one
landing constructed at location A (fig. 10). All the
areas were skidded to this landing. Compared to the
other methods, this method minimizes costs for road
construction, landing construction, trucking, and

system move, but maximizes skidding costs. For the
second method, a woods road was constructed 2,525
feet inside the harvest boundary and landings con-
structed at locations A and B (fig. 11). Areas 1, 3, and

4 were skidded to landing A and the remaining areas
skidded to landing B. It is important to recognize
that areas can be subdivided to reflect changes in

skidding patterns for different methods. For exam-
ple, area 2 used in method 1 was subdivided into
areas 3 and 6 for method 2. Area 3 was skidded to
landing A, but area 6 was skidded to landing B. For

the third method, a woods road was constructed
3,875 feet inside the harvest boundary and landings
constructed at locations A, B, and C (fig. 12). Areas 1,

3, and 4 were skidded to landing A and areas 5, 6, 7, 8,
and 9 skidded to landing B. The remaining areas were
skidded to landing C. For the fourth method, a woods
road was constructed 6,775 feet inside the harvest
boundary and landings constructed at locations A, B,
C, and D (fig. 13). Areas 1, 3, and 4 were skidded to
landing A; areas 5, 6, 7, 8, and 9 to landing B; areas
10, 11, 15, and 19 to landing C; and areas 16, 17, 20,
21, 22, and 23 to landing D. Area 18 in methods 1 -~ 3
was subdivided into areas 19 and 20 to reflect
changes in skidding patterns for method 4. Compared
to other methods, this method minimizes skidding
costs, but maximizes road construction, landing con-
struction, system move, and trucking costs. A sum-
mary of several calculated and assumed values for
each of these methods is given in appendix 3 (tables
6-11).

Data Input

For each method selected, specific input informa-
tion is required on road construction, landing con-
struction, system move between landings, skidding,
trucking, and equipment costs. Sixteen data “card

= = Boundary Line
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N ‘ ¥t i
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Figure &-Harvesting example problem.
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types” are required for each analysis of a boundary of
timber to be harvested. An additional card type is
required if constraints are placed on the number of
hours allowed for any of the pertinent harvesting
activities. These different card types are described in
detail in appendix 5. The complete input data used to
analyze the hypothetical example is shown in appen-
dix 6. The values shown for average skidding distance
were based on the harvest patterns for the different
areas and landing locations in figures 10 — 13. Aver-
age skidding distances were determined using a
BASIC program written for use on an HP 9830A"
calculator and HP 9864A digitizer.

Output Analysis

The computer output for the harvesting example
problem is shown in appendix 7. The output consists
of: 1) an echo check of the input data, 2) harvesting
times and costs, and 3) the linear programming solu-
tion and sensivity analysis.

Road construction times and costs, the number of
bank cubic yards, and acres cleared for the road-right-
of-way are given for each segment. Road construction
costs are: $170 for method 1 ($2,565 per mile); $1,061
for method 2 ($2,219 per mile): $1,625 for method 3
($2,214 per mile); and $2,910 for method 4 ($2,268 per
mile). The easiest way to modify road construction
costs without changing the road design or road con-
struction equipment characteristics is through the
input variable ROADTY (card type 10, appendix 5).
Although guidelines are provided for estimating
ROADTY, a value should be selected that gives

‘The use of trade or corporate names is for reader association and
convenience. Such does not condtitute an official evaluation, con-
clusion, recommendation, endorsement, or approval of any product
or service to the exclusion of others which may be suitable.

reasonable cost estimates based on the user's experi-
ence or modeling needs.

Landing construction and system move times and
costs are computed for each landing. Landing con-
struction costs are: $56.27 for method 1; $89.64 for
method 2; $118.73 for method 3; and $150.83 for
method 4. The simplest way to influence landing con-
struction costs without changing the landing design
or landing construction equipment characteristics is
through the input variable EFFL (card type 12,
appendix 5). System move costs are: $0.0 for method
1; $101.26 for method 2;.$192.39 for method 3; and
$303.78 for method 4.

Skidding times and costs are computed for each
skidder on each area and summarized by area, land-
ing, and method. The number of cycles and average
cycle time are also given. The skidding costs are:
$28,769.13 for method 1; $18,076.16 for method 2;
$15,471.31 for method 3; and $10,950.56 for method
4. The easiest way to modify skidding times without
changing skidder characteristics, skid load volumes,
or skidding distances is through the input variable,
AD (card type 13, appendix 5).

In addition to skidding times and costs, average
skidding distance, fixed skidding distance, and
weighted actual travel skidding distances are summa-
rized by landing and method. In most cases the great-
est potential for reducing skidding times is through a
reduction of average fixed skidding distance. In the
harvesting example problem, average skidding dist-
ance only decreased from 686 feet for method 1 to 550
feet for method 4. However, average fixed skidding
distance decreased form 4,296 feet for method 1 to
759 feat for method 4. This drastic reduction in aver-
age fixed skidding distance was largely responsible
for skidding times decreasing from 659.75 hours for
method 1 to 264.83 hours for method 4. Weighted
average travel skidding distance is computed by mul-

Stand 2 37 Acres

79 Acres
Stand 1 , .50 Bd"/Acro

®

® * @

Harvesi Boundary Line

Scale: 1" = 880"
Total ma : 283
Total Harvest Volume: 567,500 Board Feet (4" int)

2,000 Batt/Acre

37 Acres
3,000 Baltt[acre

Stand &

Figure O.-Stand densities and acres for the harvesting problem.




rmevion €

Skidding Pattern:
Areas 1,2,4,5,7-14,18 & 21-23 to Landing [A]

Road Construction:
Segments a~-b

Landing Construction:
Landing at A

Figure 10.—Road, landing, and area locations used in method 1.

tiplying average skidding distance by the skidding
correction factor for each area. This product is added
to to the fixed skidding distance on each area and
then multiplied by the volume for that area in order
to obtain a weighted value.

The number of acres and volume of timber har-
vested for each method are provided as information
and as checks on the accuracy of data input. The
number of acres for each method must be the same
and the volume harvested for each method must be
the same. In this example, 283 acres and 567,500
board feet (% " Int.) were harvested for each method.
The linear programming formulation requires that an
equal volume of timber be harvested in each method.

Trucking times and costs are shown for each truck
and are summarized by landing and method. In addi-
tion, cycle times and number of loads required for
each truck are given. Trucking costs for each method
are: $17,182.48 for method 1; $17,913.40 for method
2; $18,277.16 for method 3; and $18,774.91 for
method 4. In this case the construction of four land-
ings and 6,775 feet of woods roads only increased
trucking costs by $1592.43.

A method summary giving the hours, costs per
harvesting unit for each function, total costs, and
total costs per harvesting unit is provided in the out-
put. The total harvesting costs per thousand board
feet (% " Int.) for road construction, landing construc-
tion and system move, skidding, and trucking are:
$81.37 for method 1; $65.62 for method 2; $62.79 for
method 3; and $58.31 for method 4. The hours
required for each harvest function considered in L-O-
S-T are shown in table | and are used to illustrate a
numerical example of the linear programming formu-
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lation (equations 7 =~ 16). The formulation can also be
seen in the output (appendix 7) as the first iteration of
the linear programming tableaus.

Table I.--Harvest hours for the four methods

Harvest Method 1 Method 2 Method 3 Method4
Function (hours)  (hours)  (hours) (hours)
Roadconstruction 7.86 49.07 75.12 134.65
Landing construction

& system move 0.78 2.64 431 6.29
Skidding 695.75 437.15 374.16 264.83
Trucking 429.56 44783 455.68 469.37

After 18 iterations the optimum linear program-
ming solution consisted of 24 % of method 3 and 76%.
of method 4. The optimum method (not a global opti-
mum) used 120 hours of road construction, 5.8 hours
of landing construction and system move, 292 hours
of skidding, and 466 hours of trucking. The linear
programming solution does not give the exact physi-
cal location of the roads, landings, and skidding pat-
terns. However, the output Can be used to help locate
the road, landings, and skidding patterns for a new
method consisting of 24% of method 3 and 76% of
method 4. Since 102.2 hours were required to con-
struct the road to the end of segment h-i, then 17.8
hours (120.0-102.2) or 909 feet of segment i-j can be
constructed. The road should be constructed 2,159
feet beyond landing C. Landing D would be located
6,034 feet from the harvest boundary; whereas it was
originally located 6,775 feet. The skidding patterns
would stay the same for landings A and B, and proba-
bly C. However, the skidding patterns would change
for landing D. If another computer analysis were
made in order to obtain a better estimate, then meth-




METHOD 2

Skidding Pattern: ! l
Areas 1,384 to Landing [A] Road °°“"’_"°“°" Landing Construction:
Areas 5~ 1418 & 21-23 1o Landing [B] Segments » - Landings ot ALB

Figure 11 .--Road, landing, and area locations used in method 2.

Linear programming equations for the harvesting example problem:

Maximize Z:
$95.00 Qo '$21.63 H, = $72.26 H, — $41.35 H; ~ $40.00 H, (7)
<
1.00 Qo ~567.60 A ~567.50 \; =~567.50 Ay = 567.50 A, = 0,00 (8}
<
7.86 A 49.07 A, 75.12 N; 13455 A, ~ 1.00 H, = 0.00 (9)
<
0.78 A, 2.64 N\ 4.31 )\ 6.29 A « 1.00 H, = 0.00 Q0
<
696.75 )\, 437.15 N\, 37416 N\; 264.83 A\ - 1.00 H, = 0.00 (12)
<
429.56 N, 447.83 )\, 455.68 N\s 469.37 M 1.00 H, = 0.00 (12)
1.00 Q, 0.00 A, 0.00 A. 0.00 Ay 0.00 A« 5 667.50 (13)
(volume)
1.00 A 1.00 A, 1.00 A, 1.00 A, = 1.00 (14)
(methods)
<
1.00 H, = 120.00 (15)
(road
construction)
<
1.00 H, = 600.00 (16)
(skidding)

>
where: Qo Agy H; = 0

11



ods 1 and 2 should be eliminated. Two new methods
should be selected between the original methods 3
and 4. The original method 3 would become the new
method 1. By keeping two of the original methods,
the amount of new input data needed is reduced and
the search area can be systematically analyzed.

Harvesting costs for the optimum method were
$59.41 per thousand board feet { %" Int.). If the con-
straint on road construction (120 hours) were not
binding, then all of method 4 could have been used
and harvesting costs would have been $58.31 per
thousand board feet. Binding constraints always
cause an increase in costs. However, the optimum
method selected by the linear program (24% of
method 3 and 76% of method 4) is still better than the
method 1 ($81.37), method 2 ($65.62), or method 3
($62.79).

The sensivity analysis in L-O-S-T consists of pen-
alty costs, shadow prices, and ranges on all the cost
coefficients and constraints. The formulation used in
L-O-S-T and the original input format of the linear
program algorithm make it difficult to correlate the
variable codes in the sensivity analysis with the cor-
rect harvesting costs and constraints. However,
users familiar with sensivity analysis should be able
to interpret these results in L-O-S-T. In this formula-
tion shadow prices are always zero because all the
timber can be harvested by the number of hours com-
puted for each method. The hourly costs of the har-
vesting functions are always non-basic. In this exam-
ple, the hourly cost of road construction can increase
from $21.63 to $64.43 without changing the optimum
solution. This implies that the same road could have
been constructed to a higher standard or that more
roads should be constructed. The method summary
costs also indicated that more roads and landings
should be constructed.

LIMITATIONS

The linear programming solution calculated in L-O-
S-T is not a global optimum or the absolute best of all
possible harvesting methods. The program deter-
mines the “best” method based on the methods sup-
plied by the user. Equipment interactions resulting in
production delays are not calculated by the program.
The effects of equipment interactions must be sup-
plied indirectly by the user through equipment effi-
ciency and area difficulty factors. Harvesting costs
are calculated only for road construction, landing
construction, system move between landings, skid-
ding, and trucking. While this does not limit the
optimization process, an estimate of total harvesting
costs is not provided.

EXECUTING L-O-S-T

L-O-S-T is written in FORTRAN 1V and is being
run under WATFIV on an IBM 3031 at Auburn Uni-
versity. With a modest amount of additional effort,
the program could be converted for use on similar
computer systems. The example problem described in
this report required 264K of storage, used 3.38 sec-
onds of CPU time, and cost about one dollar to run.
The FORTRAN source statements used in L-O-S-T
are shown in appendix 8. A punched and interpreted
source deck (1,914 cards) can be obtained from: Engi-
neering Research Unit, G. W. Andrews Forestry Sci-
ences Laboratory, U. S. Forest Service, Devall Street,
Auburn University, Alabama 36849. Phone (205) 887-
7542, (FTS) 534-4518.

Skidding Pattern:
Areas 1,384 to Landing [A]
Areas 5,6, 7, 849 to Landing[B)
Areas 10-14,18 & 21-23 to Landing [C]

Landing Construction
Landings at A,BAC

Figure 12.—Road, landing, and area locations used in method
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RESULTS AND DISCUSSION

A two-part methodology has been developed to
analyze user selected harvesting methods. The first
part of this methodology considers very specific and
realistic harvesting conditions: terrain features,
boundary shapes, roads, landings, skidding patterns,
and environmental restrictions. Harvesting times
and costs are computed for road construction, land-
ing construction, system move between landings,
skidding, and trucking. The second part of the metho-
dology uses these harvesting times in a linear pro-
gramming formulation. The formulation utilizes the
relationships among the harvesting methods to esti-
mate and select the harvesting procedure having
maximum profits.

Since the analysis performed by L-O-S-T depends
on the harvesting methods selected by the users, it is
important that users have some knowledge and
experience in developing harvesting plans. Time and
effort spent in selecting realistic harvesting plans will
enable the output from L-O-S-T to be used with
greater confidence by managers of harvesting opera-
tions.

L-O-S-T does not provide a global optimum with
each computer analysis. Theoretically, the procedures
used would, through repeated computer runs, find the
ultimate harvesting method having maximum prof-
its. L-O-S-T does provide a local optimum and a
wealth of information for selecting a better harvest-
ing method. Searching for the elusive global optimum
has some academic merit; however, selecting feasible
harvesting plans and then systematically quantify-
ing, analyzing, and improving them has greater prac-
tical applications.
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Appendix |-Harvesting Equations, Data, and Cost Relationships

HARVESTING EQUATIONS AND DATA

road construction equation: (Koger, equation 3, pg 30, 1978)

0.5

0.5
X1 0.524 [xz/ (XBX,Hi) + 12.668 [XS/(}BXM):[
X6 .

X7

where : T = predicted road constructed time in hours
X1 = road length in feet
X2 = number of bank cubic yards per 1,000 feet of road length

X3 = slope correction factor estimated by: )

1.000 - (% road slope/100) - 0.0001952 (% road slope/100)
note: % road slope (+, -) is in direction of road construction

x4 = net horsepower of crawler tractor (Table 12, Appendix 4)
X5 = number of acres of cleared road width per 1,000 feet of road length
x6 = road construction difficulty factor with suggested values of:
10 for high volume truck road or low volume road constructed
adverse conditions
500 for low volume truck road constructed under average
conditions
1,000 for low volume skid road constructed under average
conditions
2,000 for upgrading existing low volume skid road under average
conditions
3,000 for low volume landing constructed under average conditions

note: intermediate values (ie. 520, 750) can be used

X7 =(equipment availability)(equipment utilization), with suggested
values of:
0.50 for low availability and utilization
0.85 for average availability and utilization
0.95 for high availability and utilization

note: only the variables x1, X4, X6, and Xi' are required as user supplied
inputs. The variables X2, X3, and X5 are calculated by the program.
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rubber-tired skidder equation (Koger, equation 2, pg 31, 1976)

T= (travel empty + travel loaded + fixed cycle time)/efficency (42)
abc d e f g
T=]10.0584037 A B C (14D) E (1ssin(F)) G
n 1
H I

j k 1 m n o P
0.00005166 J A B (14D) E [1+sin(~-F)] G +
q r s
H C I
K 1 (A3)
—r—

where : T =z cycle time in minutes
A = one-way skidding distance in feet

radius of curvature in feet (used average study value of 483.99)
net skidder horsepower (Table 13, Appendix 4)
rut depth in inches (used average study value of 6.26)
harvest elevation in feet (used average study value of 1,547.13)
trail slope in degrees(measured in travel loaded direction)
G = empty skidder weight in pounds (use constant of 20,400)
H= cone index of soil (used average study value of 192.23
I = arc length in feet (used average study value of 131.59)

= board feet per cycle (14 " Int.)

= fixed time per cycle in minutes for hooking, decking, etc.
L = (equipment availability)(equipment utilization), or

equipment efficiency

T O o

exponents a through s:

a=1.022449; Db=3.549048; ¢=1.317563; d=0.223969; e=0.180727
£=2.156775; g=0.177384; h=0,183381; i=6.943695; j=0.110305
k=1.098034; 1=3,472234; m=0.116935; n=0.098604; 0=0.681159
p=3.234567; q=0.067053; r=3.157504; s=T7.456998

note: Variables B, D, E, G, H, and | remain constant in the program and do
not have to be supplied as inputs by the user.
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Tabl e 1.--0Observed ski ddi ng vol umes by hor sepower *

VULUVE PER CYCLE VHEN MEASURED AS:

Pounds Board Feet:" INi. Qubic Feet Cor ds
Hor sepower row Hgh Man Low Hgh Mean Low Hgh Man Low  H gh Man
70 2,205 7,080 5,266 87 617 410 29 117 83 0.3 1.21 0.90
80 3,141 7,129 5,278 233 U1 471 43 120 81 0.54 1.21 0.90
92 4,032 6,921 4,987 350 666 464 67 108 82 0.69 1.18 0.85
9y 815 19,188 8,124 23 2,403 861 14 294 119  0.14  3.28 1.39
112 2,983 25,450 8,416 141 2,260 715 51 361 128 0.50 4.35 1.44
120 5,005 20,226 12,822 503 2,142 1,334 al 310 199  0.86 3.46 2.19
1474 4,120 7,095 5,468 419 776 575 71 122 9l 0.70 1.21 0.93
1654 4,808 5,503 5,155 445 522 484 83 95 89 0.82 0.94 0.88

o (Koger, Table 6, pg 22, 1976)

#* Did not observe when stand conditions permitted high volume ski dding.




trucking equation

The following equation is used to calculate truck cycle time from landings
to the delivery point (mill).

Yy =, + o = K + X, +K (A4)
S, F. . J
J J (EJ.(1+Ci))/2 (Lj(1+ci))/2
where: Y. : = round trip truck time in hours from the i th landing
1 for the j th truck

0 = one-way distance in miles over roads outside the
harvest boundary
= average empty travel speed in miles per hour for the j th truck
3 7 over sections outside the harvest boundar (woods to mill)
F . = average loaded travel speed in miles per hour for the j th truck
J " over sections outside the harvest boundary %/voods to mill)
X; = distance in miles from beginning of harvest boundary to
the i th landing
E_ = empty travel speed in miles per hour over the woods road for
J the j th truck
ratio of ending travel speed to beginning travel speed
1 as measured from beginning of harvest boundary to the i th landing
= loaded travel speed in miles per hour over the woods road for
J theé' th truck
KJ. = fixed time per cycle in hours for the j th truck

0
n

trucking data

Table 2.-- Average truck speed versus road type*

Average Average

Empty Loaded

Speed Speed
Type of Road (mph) (mph)
woods 8.34 5. 35
Gravel 16.23 13.89
Two-lane black top 38.76 33.78
Interstate 55.00 45. 82
city 23.97 21.44

¥ (Koger, Table I, pg 5, 1981)
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Table 3.--Load characteristic for trucks hauling Iogs
(or tree-length stens)*

Average AVErage AVEr age Average
Number Lengt h Volume Vol une
Truck Description of 1ogs (feet) (Doyl €) (4" Int.)
Single-AxTe (1.5-ton) 18 13.6 1,313 1,752
Tandem Axl e (1 drag) 30 12.9 1,937 2,%84
2,693
TeindameAx( & (Ragon) 35 18.0 2,648 3,526
Four- Axl e (2-drag) 46 11.7 3,276 4,370
Tractor-Trailer %Iogs) 43 14.5 3,868 5,160
Tractor-Trailer (stens) 35 36.9 4,222 5,632
¥ (Koger, Table 2pg6, 1981)
Table 4.--Load characteristics for trucks hauling pul pwood
(bolts, 21-foot stens, or tree-length stens)*
Average
o Volume
Truck Description Type of Load (cords)
Single-AxTe (0,75~ton) Purpwood bolts (5 37) 1.5
Single-Axle  (I-ton) Pul pwood  bol ts 2.1
Single-Axle (1.5 ton) Pul pwood bol ts 4.6
Tandem Axl e (1 drag) Pul pwood  bol ts 5.3
Tractor-Trailer Tree-length 8.7
Tandem Axl e (2-ton) 21-foot stens 9.0
Tri-Axle (1 drag) 21-foot stens 9.3
Tractor-Trailer Pul pwood  bol ts 9.8

* (Koger, Table 3, pg 6, 1981)

HARVESTI NG COST RELATI ONSHI PS

Landing Construction and System Move

In the linear programming fornulation, |anding construction and system nove

times and costs are considered together. The follow ng equation is used to com

pute a weighted time for landing construction and system noving.

WH= (SL + SM)/(HL + HV

(A5)
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Where: WH = weighted number of hours for landing construction and
sys tern move
SL = sum of landing construction costs for this method
SM = sum of system move costs for this method
HL = hourly landing construction costs
HM= hourly system move costs

Multiple Equipment

In many cases multiple crawler tractors, skidders, or trucks may be used.

For example, two rubber-tired cable skidders may be used on the same boundary to
skid trees to the landings. Equation A6 is used to compute total time under

these conditions. This equation is used for multiple equipment involved in road

construction, skidding, or trucking, but not for landing construction. Only one
crawler tractor is allowed to construct landings, although two or more are

involved in road construction.

T= 1 (A6)
T+ L +....+ L
—HT E'12 Hn

where: T = hours required if all equipment (ie. skidders) worked together
Hy = hours required if this harvesting activity were done entirely by

the first machine ) o )
H, = hours required if this harvesting activity were done entirely by

the second machine ) o _
H_ = hours required if this harvesting activity were done entirely by

the last machine

Equipment Interactions and Efficiency

Equipment interactions resulting in production delays are not directly con-
sidered. However, an equipment efficiency factor which considers utilization is
available and can be used to model indirectly the effects of delays caused by

equipment interactions. Equipment efficiency can be estimated or calculated by

the following equation.

E=AU ) o ) (A7)
where: E = equipment efficiency (decimal value greater than 0)

A= equipment availability (decimal)
U = equipment utilization (decimal)
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Labor and Equipment Costs

Harvesting costs computed in L-C-S-T are based on only the harvesting func-
tions considered in the optimization analysis (road construction, landing
construction, system move between landings, skidding, and trucking).

Hourly labor cost includes the base wage rate plus social security and
workmen’s compensation. Hourly equipment costs include fixed and operating
costs based on a scheduled hour. Miyata (1980) discusses fixed and operating
costs for timber harvesting equipment and provides several examples of the dif-
ferent methods available. The following equation reported by Nichols (1962)

is a simple rule-of-thumb method that can be used to determine the approximate

scheduled hourly cost of timber harvesting equipment used in L-C-S-T.

C = 0.0003(P) (A8)

. where: C = hourly equipment costs (excluding labor)
P = purchase price of equipment or purchase price of an equivalent
piece of new equipment
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Appendix Z-Determining and Using Skidding Distances

Determining Skidding Distance

In L-O-S-T, a distinction is made between average skidding distance (ASD),
average travel distance (ATD), and fixed skidding distance (Figure 1). The
equations developed by Suddarth (1952) for average skidding distance on simple
geometric shapes are shown in Figure 1l. Greulich (1980) extended this and
included the influence of slope on the equations he developed for average
skidding distance on areas with simple geometric shapes. For irregular shaped
areas, average skidding distance can be accurately computed using a desk-top

programmable calculator and digitizer (Peters and Burke 1972).

In most cases there is very little difference between the values obtained
for average skidding distance using the mathematical equations derived by
Suddarth (1952) and those obtained by determining the straight line distance
from the landing to the centroid of the area. For example, if the landing is
located at the corner of a mile square area, then the average skidding distance
computed by Suddarth's equation is 4,040.23 feet. The straight line distance
from the landing to the centroid (2640,2640) of the area is 3,733.52 feet. A
simple graphical method for estimating average skidding distance on irregular

shaped areas is shown in Figure Ill.

While average skidding distance has an exact mathematical definition
(Suddarth 1952), its use, nevertheless, represents a simplification of the
skidding process. If average skidding distance is used, then all the trees on
the area are essentially assumed to be located an equal distance (average
skidding distance) from the landing. However, trees are scattered over the area

and skidding usually starts near the landing and proceeds to the farthest boun-




dary of the harvest area. A more accurate estimate of skidding cycle time can
be obtained by integrating the skidding equation (A3) over the range of
skidding distances. Similarly, using an average skidding cycle volume rather
than the range of cycle volumes causes equation A3 to underestimate

skidding times. In L-O-S-T, users have the options of using average values for
skidding distance and volume or their ranges. For simplicity reasons, the
simplifed version (A10) of the skidding equation will be used to illustrate the

integration procedures (All) available in L-0-S-T, given below. ;

Y = travel empty time + travel loaded time + fixed time (49)

1.022 1.098 0.11

Y= 0.0027(X) + 0,00088(X) V) +K
(410)

where: Y = cycle time in minutes for articulated, four-wheel drive,
rubber-tired skidders in the 70 to 130 horsepower range

one-way skidding distance in feet

cycle volume in board feet (14 Int.); must be reasonable for
skidder size and skid trail conditions (Table 1, Appendix 1)

K =assumed fixed time (minutes) per cycle for hooking, decking, etc.

b 1.022 b prd 1.098 0.11
Y= 0.0027/ (X) dx + 0.00088 X) ) dxdv
b-a a (b=a)(d-c) Ja Je

+K (A11)

X
'

"

where: Y = skidding cycle time in minutes
a= lower limit on skidding distance in feet
upper limit on skidding distance in feet
lower limit on skidding volume in board feet (4" Int.)
u&per limit on skidding volume in board feet ( 4" Int. )
skidding distance, feet
skidding volume, board feet (" Int. )
= derivative of Y with respect to X
v =z derivative of Y with respect to V
K= fixed time per cycle in minutes for hooking, decking, etc.

wllyun

b
c
d
X
v
X

o o

Actual Travel Distance

Due to terrain features (steep slopes, streams, rocks, soft ground) and to
stand characteristics (large stumps, dead snags), the distance actually traveled

by the skidder from the landing to the woods is rarely ever equal to the
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straight-line value computed for average skidding distance. Koger ( 1976) found
that a correction factor of 1.86 was needed to adjust average skidding distance
to the actual travel distance. The user can supply this correction factor
(1.86) or one pertinent to area conditions through the input variable, AC
(card type 13, Appendix5). In most cases, if some correction factor is not

used, skidding costs will be significantly underestimated.

Fixed Skidding Distance

In most cases an area (Figures 10-13) will not be adjacent to a landing.
The distance traveled by the skidder from the landing to reach the area boun-
dary is referred to as the fixed skidding distance. This value must be calcu-
lated or estimated by the user and coded in the input data (variabale AF, card

type 13, Appendix5).

~ X Harvest Boundary

Figure I.--Relationship among average skidding distance, actual travel

distance, and fixed skidding distance
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AVERAGE SKIDDING DISTANCE (ASD)
FOR SIMPLE GEOMETRIC SHAPES

CIRCLE (Suddorth 1952) CIRCULAR SEGMENT (Suddarth952)

S —R—— v

/Londing 6dinq

ASD:=(@/3)R
ASD:=(%/3)R

RIGHT TRIANGLE (Suddarth 1952) ANY TRIANGLE (Peters 1978)

xl
=<
-
o
S
o
=
@

7

('Londing +
f.

ASD= B [rfa(r, - r)?] +
3

z 2 2 X
ASD= - [x%y" - [ X ] in [ton {orcton( y )H [r:-(r,'r_z)zl[(rﬁr )2"§l|n [ r,+r2+r=__{

3 3y 2 12 r: r+r-ry

RECTANGLE(Suddarth 1952)

=<

/
Londing
A\l

ASD - Y — f In |tan orctan(-f-' \\;___ iln tan orcton(-';
= \lex 2 ey 2

where - In znatural log. base e : tan :tangent : arctanz arctangent

Figure 1l. --Average skidding distance equations for areas with simple

geometric shapes
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STEP 1: DETERMINE HARVEST BOUNDARY AND
LANDING LOCATION.

STEP 2: SEPARATE HARVEST AREA FROM MAP

BY CUTTING ALONG HARVEST
BOUNDARY LINE.

STEP_3:MAKE TWO SMALL HOLES NEAR
MARGIN OF HARVEST BOUNDARY
(A€ B). SEPARATE FROM LANDING
BY ABOUT I/3 BOUNDARY CIRCUM-
FERENCE.

STEP4: PLACE A NEEDLE IN HOLE AT LOCA-
TION (A) AND MAKE SURE THAT
HARVEST AREA CUTOUT ROTATES
FREELY ABOUT THE NEEDLE AXIS.
ATTACH A SMALL PLUM BOB TO NE-
EDLE AND MARK PLUM LINE ON
CUTOUT. REPEAT THIS PROCESS AT
LOCATION (B).

STEP 5 THE CENTROID OF THE HARVEST
T AREA WILL BE AT THE INTERSEC-

TION OF THE TWO PLUM BOB LINES
(C). MEASURE THE DISTANCE FROM
POINT C TO THE LANDING WITH A
RULER. THIS DISTANCE MULTIPLIED
BY THE MAP SCALE WILL GIVE A
CLOSE APPROXIMATION OF AVERAGE
SKIDDING DISTANCE(ASD).

Figure I11.--Graphic method for determining average skidding distance

when landing is on boundary edge
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Appendix 3-Harvesting Example Problem Method Assumptions

Table 5 .--Harvesting equipment assumptions

Equipment Scheduled
Efficiency Cycle Volume Hourly
Equipment Description Fac tor (" Int. Bdft) costs ($) +
crawler tractor (72 hp)¥ 0.70 NA $21.63
rubber-tired skidder (70 hp)*®* 0.80 400 « 510 19.05
rubber-tired skidder (90 hp)* 0.85 420 = 550 22.30
tandem-axle truck (2 ton; 0.80 1,800 19.50
tandem-axle truck (2 ton 0.80 2,000 20.50
knuckleboom loader* NA NA 13.00
repair truck* NA NA 8.50
+ includes $5.50 per scheduled hour for labor costs
* equipment involved in system move between landings
Table 6.--Road segment data
Road Road Road Constructed Sidehill Cut Fill Building
Section Length Width Slope Slope Ratio Ratio  Difficulty
350et) 15eet) (%) (%) (feet) (feet)
a->b 450 15 -10 10 1.5 1.5 100
b -c -8 15 1.5 1.5 150
c- d 325 15 -10 12 1.5 1.5 100
d-e 800 15 -10 12 1.5 1.5 150
e - f 600 14 -8 10 1.5 1.5 100
g -§ 700 14 -10 8 1.5 1.5 150
h -hn 650 i -5 -1 20 1.5 1.5 100 10
1,250
i - 1,650 12 -6 10 1.5 1.5 100
Table 7 .--Landing construction data
Distance Average Equipment
From Depth Sys tern
Landing Harvest Landing of Construction Move
Method Code Boundary Size cut Difficulty Time
Number Letter (feet> (acres> (feet> Factor (hours)
I A 350 1.5 0.3 100 0.0
2 A 350 0.6 0.3 1.00 0.0
2 B 2,525 1.5 0.4 0.90 2.0
3 A 350 0.6 1.00 0.0
3 B 2,525 0.8 0.3
3 C 1.5 0.4 09 L0 014
b A 3,860 0.6 0.3 1.00 0.0
4 B 2,525 0.8 0.4 0.90 2.0
4 C 3,875 0.9 0.4 1.00 1.8
4 D 6,775 1.2 0.3 0.80 2.2
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Table 8.--Skidding data for method 1

Average FIxed _ FI'xed
Area Area Skiddrng  Skidding  Trail Cycle
Landi ng Area Vol ume Size Distance Di stance Sl ope | me
Code Code (y"Int) (acres) (feet) (feet) (%) (min)
A ! 65,000 26 485 0 -2 7
A 2 70,000 28 1,005 265 -3 7
A 40,000 16 525 2,080
A 22,500 415 3,700 -5 3
5 9 9
A 2 q_@&,dmﬁ) 4g 1,275 4,000 -18 9
A 9 5,000 10 840 3,000 -10 11
A 10 12,000 8 285 4,950 -2 11
A 11 24,000 16 1,095 4,550 5 11
13 13
A 14 24,000 a6 990 6,230 10 13
A 15,000 15 570 8,000 5 13
A 18 26,000 13 520 5,740 15 9
A 21 30,000 15 1,095 5,050 12 9
A 22 6,000 2 170 7,700 10 5
A 23 105,000 35 900 7,225 10 5
Table 9.--Skidding data for method 2
Aver age Fixed Fi xed
_ Area Area Skidding  Skidding  Trail Cycle
Landi ng Area Vol une Size Di stance Di stance Slope Time
Code Code (4"Int) (acres) (feet) (feet> (% (min)
485
A [ 65 000 26 820 0 5 T
3 y oo 5 7
A 5 57,500 23 525 2,990 -3 7
B 6 22,500 9 Lng 600 10 7
B 12,500 19 12 7
5 9
B 8 q¢, . 2000 Ig 275 1,300 -8 9
B 19 15,000 108 4ys 990 40 -0 11
12,000 1,680
B 11 24,000 16 1,095 1,290 -2 1
B 16,000 16 625 1,780 5 13
12 13
B 14 2%, 000 5 990 8,670 10 13
B 27 26,000 13 520 2,080 5 9
B 22 30,000 15 1,095 1,880 15 9
6,000 2 5
B 23 105,000 35 900 3,660 10 5




Table 10.--Skidding data for method 3

Average Fixed . Fixed
Area Area Ski ddi ng Ski ddi ng Trail Cycle
Landi ng Area Vol ume Size Distance Di stance Slope  Time
Code Code (y"Int) (acres> (feet) (feet) (% (min)
7
A 3 65,000 26 485 0 5 7
A 4 80,800 28 826 2,088 -3 7
5 9 990 7
B 6 22,500 5 190 600 10 7
7 275 9
B 8 06, OpaD 48 445 1,300 - 9
B 9 15,000 10 990 -10 11
C 10 12,000 8 285 0 -10 11
C 11 24,000 16 1,095 300 -2 11
C 12 16,000 16 625 5 13
c 13 27,000 as 990 1,390 10 13
c 14 15,000 13 570 3,660 10 13
5
c 28 26,000 12 1,095 260 15 g
c 23 10%,000 35 900 2,870 10 5
Table 11.--Skidding data for nethod 4
Aver age FIxed _ FI xed
. Area Area Skiddrng  Skidding Trail Cycle
Landi ng Area Volume Size D stance Di stance Slope Time
Code Code (ynint) (acres) (feet) (feet) ¢)) (min)
A 1 65 000 26 405 0 5 7
A e~ 23 525 265 5 7
A 2 57,500 16 415 2,080 -3 7
B 5 22,500 9 990 10 7
B 6 12,500 5 190 600 12 7
7 -2 9
B 8 94,000 45 630 1,300 -8 9
o) 9 15,000 10 275 990 -10 11
C 10 2400 12,00 168 1,00445 790 0 Y@ 11
1 285 300 -5 1
c 15 6,000 6 490 790 -5 13
C 19 10,000 5 270 9
D 16 37,000 37 900 500 -4 13
D 17 15,000 450 -5 13
15 0 3 9
D 20 36,000 13 1,170 2,390 3 g
D 23 105,000 35 120 2,830 6 5







Appendix 4-Equipment Specifications

Tabl e 12.-Equi pnent horsepower and weight characteristics
for selected cramer tractors

. Equi pment Equi pnent
Equi pnent Hor sepower Vil ght
Make &\bdel (net engine) (bare, pounds)

5,905
Case 350 39 8,850 U5
450 51
850 72 13:000
1450 130 23,800
Caterpillar D3-PS 62 10, 300
D4-DD 75 13,990
D5-DD 105 19,200
D6-DD 140 24,000
John Deere JD350-C y2 8,160
JD450-C 65 11,600
JD550 72 12,300
I nternati onal TD-TE~PS 65 10,459
TD-8E-PS 78 13,834
TD-15C-PS 140 24,153
Komatsu DU5A-1 90 18,340
D53A-15
D60A-6 110 140 Lo B0
Massey- Ferguson MF300 65 14,700
MF400 85 20,585
MFSWB 136 25,800
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Tabl e 13.--Equipment horsepower and weight characteristics for
sel ected rubber-tired skidders

. Equi pment Equi pment
Equi pnent Hor sepower \Viéi ght
Make & Model (net engine) (bare, pounds)
Athey S-97D 97 16,250
Caterpillar 518 120 20,400

528 175 28,300
Cark Ranger 664B 82 15,890
666B 112 17,855
. 668B 166 24,480

70
Franklin 531 80 12,000
132 17,840
170 112 18,740
185 775 24,140
[ nternational 38 86 13,100
John Deere JD440-B 70 12,250
JD540-4 94 16,150
JD64O 110 19,900
JDT40 145 26,700
Petti bone 100 93 14, 950
Ti nber Jack 208D 67 12,300
225 92 12,784
Tree Farner C5D 90 15,890
CéD 120 18,180
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Appendix 5—Data Card Types

The following 17 data card types are used in L-O-S-T to describe organized
input data for the harvesting methods, areas, road segments, landings, and
equipment. Unless otherwise stated, all input data is to be right justified.
Input variable names beginning with INTEGER letters (I,J,K,L,M, Oor N) do not
require decimal points. Input variable names beginning with REAL letters (A-H,
& O-Z) do require a decimal point in the input field location shown. Although
harvest volume units of pounds, 4" Int. board feet, cubic feet, or cords may be
used, once a unit has been selected it must be used throughout the analysis.
The input data for the harvesting example shown in Appendix 6 should be used
to supplement the data card type descriptions given below.

Card Type 1. (required; one card)

1 64 cc
/ [/ /_/ ATITLE() harvesting problem title

R N M - —

Card Type 2: (required; one card)

2 cc
// NMETH number of methods analyzed
- (minimum of 2 and a maximum of 4)
5 ce
/_/ NDZR number of crawler tractors (1-5)
7 8 ce
/_/_/ NSKD number of rubber-tired, cable skidders
(1-10)
10 11 cc
/ 7/ NTRK number of trucks (1-10)
13 cc
/ / ICTRAT number of user supplied constraints
- (0-4); allows limits on number of
hours permitted for harvesting
functions considered
15 cc?
// ILPANA linear programming option code:
= 0 if linear programming analysis
is performed
= 1 if linear programming analysis
is not performed
17 cc
/_/ LPCDE = 0 if no intermediate matrices are

printed; the normal case

1 if intermediate matrices are
printed; is helpful in understanding
sensivity analysis
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Card Type 3: (required; one card)

1 cc
!/ / IUNIT

3 12 cc
L1117/ 111/ HARVOL
14 18 20 ce

/1.1 L L L/ PRODPC
22 26 28 cc

AN VN SYSMHC
30 35 ce

RN DFTBTM

card Type 4. (required; one card for
; NDZR cards required,

1 4 cc

/1 S DZRHP ()
6 9 cc

TN DZREF()
1 14 16 cc

NN DZRHC()

Card Type 5. (required; one card for

cards adjacent)
1 4 cc
VRN SKDHP ()
6 11 cc
INEEEEN SKDWT()
13 16 ce
/14 1/ SKDEF()

36

unit code for volume;

= 1 for pounds

=2 for W Int. board feet

= 3 for cubic feet

=4 for cords

total volume of harvested tinber

in same units as coded for IUNIT

selling or delivered price in norm
selling units (ie. $/1,000 hoard feet)

hourly cost ($/hr) to nove pertinent
eqU|Pnent to the next [anding; not an
hourly nove-in cost

distance in mles fromml| to-harvest
boundary or start of constructed woods'
roads {can be zero if analyzing trucking

within harvest boundary)

each craw er tractor building roads
cards

adj acent)

net horsepower of crawer tractor;

(Table 12, Appendix 4)
cramer tractor efficiency (ie. 0.80)

hourly craw er tractor and operator
cost ($/hr)

each skidder; NSKD cards required
net skidder horsepover;
(Table 13, Appendix 4)
weight of unloaded skidder in pounds

(Table 13, Appendix 4)

ski dder efficiency (ie. 0.75)




18 21 23 cc

/1 /1 1l 1 S SXDHC()
Card Type 6:
1 4 cc
/1 1! TKTENW()
6 9 c¢
/1 1 7 TKTLNW()
1 14 cc
/ 11/ TKTEWD()
16 19 cc
/_/ 1S/ TKTLWD()
21 24 cc
/1 /) TKFTPC()
26 29 ce
/1l 17 TKEF()
31 38 40 ce
/ 11 SISl IS TKVOL()
42 45 47 c¢e
/11 1l S TKHC()

hourly skidder and operator cost ($/hr)

(reguired_; one card for each truck; NTRK cards required;
cards adjacent); note: travel speeds must be > 0.

empty truck travel speed in mph over
non-woods road (Table 2, Appendix 1)

loaded truck travel speed in mph over
non-woods road (Table 2, Appendix 1)

empty truck travel speed in mph over
woods road (Table 2, Appendix 1)

loaded truck travel speed in mph over
woods road (Table 2, Appendix 1)

fixed time per cycle in minutes; can
include delays, stops for fuel, etc.

truck efficiency (ie. 0.80)

average truck volume (Tables 3 & 4,
Appendix 1); same units as IUNIT in
card type 3

hourly truck and operator cost ($/hr)

Card Type 7: (required; one card for each method; NMETH cards required;

cards adjacent)

1 cc
IMETH()

method number (1-4)

IRDSEG() number of road segments for this method

(0-20)

ILANDN() number of landings for this method

(1-8)

card Type 8: (required; one card for each landing for each method;

cards adjacent)

1 cc
/ /

JMN

metuhod number--not number of methods
(1-4)
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/7 JLN
7 ce

(_4u/ JNA
10 cc

/.7 JMAN

Card Type 9: (required; one card)

1cc
/7 JMN

Ianging number - -not nunber of |andings
(1-8)

number of areas for this landing
(1-25); not area code nunber

maxi num val ue of any area code number
for this landing; is equal to JNA only
i f areas are nunbered consecutively

control card which follows the |ast
card type 8 and nust have a 0 (zero)
coded in card colum 1

Card Type 10: (required; one card for each road segnent for each nethod;

cards & acent)

1 7 cc

(~(_4_(“A“[m1&; ROADSL
9 12 cc

/.7 1.1/ ROADSW
14 18 cc

(_{_(m(m%g. ROADSP
20 24 cc

{”{_{_4m%g. ROADSS
26 28 30 cc

/_1/. /a/- /_/ ROADCR
32 34 36 ¢¢

A ROADFR
38 42 cc

ANNN ROADTY

38

length of road segment in feet; if
there are no road segnents code a
0 (zero% in card column 6 and then
skip other variables on this card type

segment road width in feet

per cent sIoFe (+,-) or road segment in
direction construction

percent slope (+ only) of side-hill
adj acent  road

cut ratio; rise in cut per 1 foot of
base (ie. 1.50)

fill ratio; drop in fill per 1foot of
base (ie. 1.50)

road construction difficulty code

= 10 for road constructed under

adverse conditions or for high vol ume
truck traffic

500 for road constructed under average
conditions

1000 for road constructed under
favorable  conditions



= 2000 for road constructed under
very favorable conditions, or the
up-grading of an existing road

= 3000 for landing constructed under
average conditions

note: intermediate values (ie. 520, 760)
can be used; trial and error

technigues may be required to obtain
desired or expected times and costs

Card Type 11: (required; one card)

1 cc
// ILDZR input order number of crawler tractor

- in card type 4 that will be used to
construct all landings (ie. if the
second crawler tractor in card type 4 is
used, then code a 2 in card column 1);
only one crawler tractor is permitted
to construct landings

Card Type 12: (required; one card for each landing for each method; cards
adjacent; input all landings for first method, then all
landings for second method, etc.)

1 8 ce
/111 LSS DSFTB() distance in feet this landing is from
“““““““ harvest boundary as measured along
woods road
10 13 cc . .
/-1 /[ ACRESL landing size in acres
15 18 cc )
/-/_1.7_1 CUTL average depth in feet of earth removed
in constructing this landing
20 23 cc ) . L
/ /.0 1/ EFFL landing construction difficulty factor;
- must be greater than 0.0; suggest:
= less than 1.00 for difficult sites
= 1 .0 for average sites
= greater than 1 .O for favorable sites
25 29 cc
/1 1/ 7. SYSMHR number of hours required to move

‘‘‘‘ equipment to this landing; not a move-in
time, but a system move between landing
time; should be 0 (zero) for the first
landing

Card Type 13: (required; one card for each area for each method;
cards adjacent)

1 cc
/ / IMN method number
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3 ce
(_/
5 cc
/_/_/

6 14 cc

VA S Y S A Y N4

15 20 cc
VAN |
21 28 ce

VA AN

29 36 cc
S N

37 44 cc
[_/_f__J_[_/_/./

46 48 50 cc

52 56 cc
/1

58 61 cc
/_fd_1_/

40

ILN

IAN

AV

AC

landing number
area code number

area volume in same units used for
variable IUNIT in card type 3

area acres

average or minimum skidding distance in
feet for this area; if AN=AX (next
variable) average skidding distance
option is assumed and skidding time

is not based on integration (dx)

average or maximum skidding distance in
feet for this area; if AX=AN (last
variable) average skidding distance
option is assumed and skidding time

IS not based on integration (dx)

fixed skidding distance in feet from
landing to start of harvest area; is 0
(zero>. if landing is located on edge or
inside of harvest area; this is actual
travel distance and not straight line
distance (Figure I, Appendix 2)

correction factor adjusting straight
line skidding distance to actual
distance traveled by skidder inside an
area;, suggest 1.86; use 1.00 for no
correction

slope of skid trail (+,-) in percent,
measured in travel loaded direction

difficulty factor code used to

provide more sensitivity for actual

skidding conditions on each area; can

be used to model increased skidder

interactions, multiple skidders on

small areas, or adverse skidding

conditions;

= less than 1 .00 for adverse skidding
conditions or high skidder interaction

= 1.00 for average skidding conditions
and no significant skidder interaction

= greater than 1 .00 for very favorable
skidding conditions and no skidder
interactions



63 66 cc
/1 10/ AT average fixed skidding time per cycle in
=T minutes (ie. hooking, unhooking, decking)

Card Type 14: (required; one card)

1 cc
// IMN control card which follows the last card

- type 13; must have a 0 (zero) coded in
card column 1

Card Type 15: (required; one card for each method, for each landing, for each
area, for each skidder; cards adjacent)

1ce

/_/ KM method number ( 1-4)

4 cc

/_/ KL landing number (1-8)

T cc _

/17 KA area code number; same as IAN in

card type 13 '
10 cc

/-/./ KS skidder input order number; must be in

same sequence as coded in card type 5.
1" 20 cc

[ L L L L ALY SKVMN average or minimum volume skidded per
cycle; iIf SKVYMN=SKVMX (next variable)
average skid volume is assumed and
skidding time is not based on
integration (dv); volume ranges (Table 1,
Appendix 1); volume must be in same
units as used for variable IUNIT In
card type 3

21 30 cc

RN EEENN SKVMX average or maximum volume skidded per

"""""" cycle; if SKVMX=SKVMN (last variable)
average skid volume is assumed and
skidding time is not based on
integration (dv) ; volume ranges
(Table 1, Appendix 1); volume must be in
same units as used for variable IUNIT In

card type 3
Card Type 16: (required; one card for each landing for each method; cards
adjacent)
1 cc
/_/ ITMN method number (1-4)
4 cc )
// ITLN landing number( |-8)

41




42

6 9 cc

/ /7 17 TKTVCF truck speed correction fac tor ; ref lee ts

- T change in truck travel speed as a
function of distance traveled over
woods road; ratio of ending travel speed
on woods road to beginning travel speed
on woods road; a value of 1.00 would
indicate the use of average travel speed

Card Type 17: (optional; use only if adding constraints for number of hours;
use only if value of ICTRAT in card type 2 is greater than zero;
one card required for each constraint; cards adjacent; most
often used after one computer analysis has been made without
upper bound constraints; upper bound values are usually not
know in advance of an initial unconstrained analysis

1cc
// ICSTFO constraint code:
= 1 if supplying upper bound on road
construction hours
2 if supplying upper bound on landing
construction and system move hours

3 if supplying upper bound on skiding
hours

4 if supplying upper bound on trucking
hours

11}

3 10 cc
/'S upper bound value of constraint in hours

- m— —— — —— —— —



Appendix 6-Harvesting Example Problem Input Data

HYPOTHETI CAL HARVESTI NG EXAMPLE: 4 METHODS
4 12 2201

2 567500. 95.00 50.63 30.5

72. 0.70 21.63

70. 14175. 0.80 19.05

90. 16675. 0.85 22.30

34.0 28.0 8.3 5.3 15.0 0.80 1800.00 19.50

34.0 26.0 8.3 5.0 15.0 0.80 2000.00 20.50

111

2 5 2

3 7 3

4 9 4

1 11623

213 4

2 21423

3 13 4

3 2 5 9

3 3 923

413_ 4

4 2 5 9

4 3 419

4 4 623

0
350. 15.0 -10. 10. 1.50 1.50 100.
350. 15.0 -10. 10. 1.50 1.50 100.
450. 15.0  -8. 15. 1.50 1.50 150.
325. 15.0 -10. 2. 1.50 1.50 100.
800. 15.0 -10. 2. 1.50 1.50 150.
600. 14.0  -8. 10. 1.50 1.50 100.
350. 15.0 -10. 10. 1.50 1.50 100.
450. 15.0  -8. 15. 1.50 1.50 150.
325. 15.0 -10. 2. 1.50 1.50 100.
800. 15.0 -10. 2. 1.50 1.50 150.
600. 14.0 -8 10. 1.50 1.50 100.
700. 14.0 -10 8. 1.50 1.50 150.
650. 13.0 -15. 20. 1.50 1.50 100.
350. 15.0 -10. 10. 1.50 1.50 100.
450. 15.0  -8. 15. 1.50 1.50 150.
325. 15.0 -10. 12. 1.50 1.50 100.
800. 15.0 ~10, 12. 1.50 1.50 150.
600. 14.0 -8. 10. 1.50 1.50 100.
700. 14.0 -10: 8. 1.50 1.50 150.
650. 13.0 -15. 20. 1.50 1.50 100.
1250. 12.0 -12. 15. 1.50 1.50 100.
1650. 12.0 -6 10. 1.50 1.50 100.

!
350. 1.5 0.3 1.00 0.0
350. 0.6 0.3 1.00 0.0
2525 1.5 0.4 0.90 2.0
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350. 0.6
2525. 0.8
3875. 1.5

350.

2525. 0.6

3875.  0:8

6775. 1.2
111 65000,
112  70000.
114  40000.
115  22500.
117  90000.
118 4000.
119  15000.
1110  12000.
1 111 24000.
1 112 16000.
1 113 27000.
1 114 15000.
1 118  26000.
1 121 30000
1122  6000.
1 123 105000:
211  65000.
213 57500.
214  40000.
225  22500:
226  12500.
227  90000.
228 4000.
229  15000.
2 210  12000.
2 211 24000.
2 212 16000.
2 213 27000.
2 214 15000.
2 218 26000.
2 221 30000,
2 222 6000.
2 223 105000
311 65000.
313 57500,
314 40000.
325  22500:
326  12500.
32T 90000,
328  4000.
329 15000:
3 310  12000.
3 311 24000.
3 312 16000.
3 313 27000.
3 314 15000.
3 318 26000.
3 321 30000.
3 322 6000.
3 323 105000:

N
N

16.
9.
45,
2.
10.
8.
16.
16.
270
15.
13.
15.
2.
35.
26.
23.
16.
9.
5'
45,

10.
16.
16.
27.
15.

13.
15.

35.
26.
23.
16.
9.
5.
45,
2.
10.
8.
16.
16.
27.
15.
13.
150
3.

NEFLENO -NO
NOCOOoOLO O

485.

1005.

525.
415.

1180.

275.
840.
285:

1095.

625.
990.
570.
520.

1095,

170.
900.
485.
820.
525.
415,
190:
630.
275.
4is,
285:
1095.
625.
990.
570.
520.

1095.

170.
900.
igs,
820.
525.
415.
190.
630.
275.
hys,
285:
1095.
625.
990.
570.
520.
1095.
170.
900.

485.
1005.
525.
415.
1180.
275.
840.
285.
1095.
625.
990.
570.
520.
1095
170.
900.
485.
820.
525.
415,
190:
630.
275.
Lys,
285.
1095.
625.
990.
570.
520.
1095.
170.
900.
485,
820.
525.
415.
600.
630.
275.
445,
285:
1095.
625.
990.
570.
520.
1095.
170.

900.

0.
265.
2080.
3700.
1200.
4000.
3000.
4950.
4550.
5050.
6230.
8000.
5740.
5050.
7700.
1225.
0.
265.
2080.
990.
600.
0.
1300.
990.
1680.
1290.
1780.
2670.
5050.
2080.
1880.
3660.
4260.

26;:
2080.
990.
600.
0.
1300.
990.
790.
0.
300,
1390‘
3660.
790.
300.
2480.
2870.
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411  65000. 26. 485. 485. 0.
4 1 3 57500. 23. 820. 820. 265.
414 40000. 16. 525, 525.

4y 25 22500, 9. 415, 415, . 2990.
4y 26 12500. 5. 190: 600. 600.
427 90000. 45, 630. 630. 0.
428 4000. 2. 275. 275.  1300.
429  15000. 10. uys, 4us, TH), 4.
4 310  12000. 8. 285:

4 311 24000. 16.  1095.  1095. 0.
4 315 6000. 6. 490. 490. 300.
4 319 10000. 5. 270. 270. 790.
4 416 37000, 37. 900. 900. 500.
4 417 15000,  15. 450. 450. 0.
4 420  16000: 8. 335. 335.  2370.
4 421 30000, 15.  1170.  1170. 200.
4 422 6000. 2. 170. 170.  2820.

4 423 105000:  35. 720. 720. 150.
0

1111 400. 400,
1112 460. 460,
1121 450. 450.
1122 470. 470.
1141 450, 450,
1142 470: 470 -
1151 450. 450
1152 470, 470 :
11171 460. 460 .
117 2 500, 500.
11 8 1 400, 400,
1182 420. 420.
1191 510. 510.
1192 550. 550.
1 110 1 460. 460,
1 110 2 490. 490,
1 111 1 500. 500.
1 111 2 520, 520.
1 112 1 450. 450.
1 112 2 490: 490.
1 113 1 450. 450.
1 113 2 490. 490.
1 114 1 450. 450.
1 114 2 490. 490.
1 118 1 450. 450.
1 118 2 490. 490.
1 121 1 450, 450.
1 121 2 490: 490.
1722 1 450. 450.
1 122 2 490. 490.
1 123 1 450. 450.
1 123 2 490, 490.
2111 400. Lo,
2112 460. 460,
2131 450. 450.
213 2 470. 470.
2141 450. 450.
214 2 470. 470.
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2 51 400. 400.
2 5 2 420. 420.
2 61 400. 400.
2 62 420. 420.
2 71 460. 460.
2 72 500. 500,
2 81 400. 400,
2 82 420. 420.
2 91 510. 510.
2 9 2 550. 550.
210 1 460. 460.
210 2 490. 490.
211 1 500. 500.
211 2 520. 520.
212 1 450. 450,
212 2 490. 490.
213 1 450. 450.
213 2 490. 490.
214 1 450. 450.
214 2 490. 490.
218 1 450. 450.
218 2 490. 490.
221 1 450. 450.
221 2 490 . 490.
222 1 450. 450.
222 2 490. 490.
223 1 450, 450,
223 2 450. 450,
111 400: 400:
112 460. 460.
1 31 450. 450.
1 3 2 470. 470,
1 &1 450, 450.
14 2 470: 470:
2 51 400. 400.
2 5 2 420. 420.
2 6 1 400. 400.
2 6 2 420. 420.
27 1 460. 460.
2 7 2 500. 500.
2 8 1 400. 4oo.
2 8 2 420: 420.
2 9 1 510. 510.
2 9 2 550. 550.
310 1 460. 460.
310 2 490. 490.
311 1 500. 500.
311 2 520. 520.
312 1 450. 450.
312 2 490. 490.
313 1 450. 450.
313 2 490. 490.
314 1 450. 450.
314 2 490. 490.
318 1 450, 450.
318 2 490. 490.
321 1 450, 450.
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319
319
416
416
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417
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k90.
450.
490.
450.
450.
400.
460.
450.
470.
450.
470.
400.
420.
400.
420.
460.
500.
400.
420.
510.
550.
MGO .
490.
500.
520 .
450.

490.
420.

470.

430.

460.

440.

480.

450.

490,
490.
520.

450.

500.
470,
510:

490.
450.
490.
450.
450.
400:
460.
450.
470,
450,
470:
400.
420.
400.
420.
460.
500.
4oo.
420.
510.
550.
460.
490.
500,
520,
450.
490.
420.
470.
430.
460.
440.
480.
450.
490.
490.
520.
450.
500.
470.
510.







Appendix7—Harvesting Example Problem Output Data

TITLE 14-S-T RUN= HYPOTHETICALHARVESTING EXAMPLE: 4 METHCDS
NUUBER OF METHODS= 4
NUMBER OF NOZERS= 1
NUMBERO F SKIDDERS= 2
NUMBER OF TRUCKS= 2
LPANALYSISC O D E = 0
tP  CUTPUT (ODE= O
MU S E R CCNSTRAINTS=?

HARVEST VOLUME= 567500. INT. BOARD FEET
PRICE IN SELLINGUNITS ($)= 95.00
HOURLY LANDING MOVE cOST ($)= §50.¢€3

DISTANCEFROM WO ODS EDGE TCMILL(MILES)= 39.5
AR FRE AR RRRRTRARE KA B RRRERE
DONZEREOZEP DOZER HOURLY
LUMBER upP EFFIC cosT
1 72. 0.70 21.63

ANABEREARFXARERABESRRR KIS A RS
21.63

T S L T Y e SN Y Y I ey

SKIDDER

SKIDDER SK IDDER SKINDER SKIODDER HOURLY

NUMREP HORSFPOWER WE | GHT CFFIC cosT
1

2 90.70. 16 14175, iC.80 2230 1905

SRR ERIPRLREREGARRNEEERRSNIRXRINP S USRI HSIRNININRRY
41.35

(2121l R 2SI AR SRt R Rl R LSRR RSS2 RR2 RS2SR R R 2R 22 LR R 2 g2 id Y3
*% NON-WOODS #¢ #tgds YOODS w»ers

TRAVEL TRAVEL TRAVEL TRAVEL FIXFD
EMPYY LOADED ENPTY LOADED AR L1 CYCLE TRUCK
TPUCK SPEED SPEED SPEED SPEED FER TRUCK Y RUCK HOURLY
NUMB ER NPH M2H NOH MPH 1.040 EFFIC VO LUNE cos ¥
1
2 3400 3400 26,00 33 830630 5.30 1500 1500 0.80 1 1800.00 2050 1956

SN S EAER RS AT RN RN R SRS IRAR ARG BE R BRRIERS BRI N RN EER RN FU PSRN IR PR SE VSN
40.00
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T ITT R P SR RR AT I i1 2]

NUMBER NUMBER
KETHOD NAD oF
NUMBER SEGMENTSL ANDING S

g e

1
5
1
9

> con

BEEBVIBSFEFB RS S SRR IR D RR S

ENTORRERERRARE S REPE LRSI IRF BB E ISP N 0008829
HIMBER

F MAXIMUY AREA
CGCE NUMBER

22
4

MFYHOD LANDING [
NUMBER NUMBER AREAS

1
1

B PP P W W NN
B 10 g e
WP EMW DN W WO
X
oW s

BIFPIEIDIRTACR S AL ERBRUBBEESE RIS I IV IS

A EAR SEAMEERRERANRER S PR RIBAEISAIB SN IR TSR ARSI REIDRBNIIBAIIIBRINBERVLRRNET ANV L LORIULSE N ENBRERERINOSR VA RNIR LA SN IR SBSI02 DGR S

METEQOD  SESMENT ONZER {nan K0AD ROAC
NUMBFR NUMBTR  WUMPER LENGTE WIDTH SLCFE
i 1 250, 13.¢ =10,
360,
2 ! 150, 15.6  -Jo0
2 2 ! 450, 15.0 -9
2 3 1 125, 15,0 -J0
4 4 t 890, 150 -13.
2 3 600, 14.0 8
» 2525,
k] I 1 351, 15.0 -Jo
3 2 1 459, 1549 -3
3 3 1 228, 18.0  ~J0.
3 [ 1 800, 15.0 ~10.
3 § 1 401N, 14.0 -8,
3 6 1 100, 14.0 -Jo
3 1 1 550, 13.u S15.
3 7473
4 i 1 350, 15,0 -10
4 2 1 480, J3.c -e.
4 3 1 325. 350 -10.
4 & 1 aca, 15.0 -10
4 5 1 600, 14.0 -8,
4 [ 1 700, 14.3 -13.
4 1 1 650, 13.0 -1%5,
i 3 1 1230. 12.0 “12.
! ] 1 1430. 12.0 -6
{ 6113

SIDE
SLOPE

10,

Jo.
154
12.
iz,
Jo.

cur
SLCPE
RATIO

1,50

1.30

1.30
1.50
1459
1.50

1.50
1450

FILL
SLOFE
RATIO

RLAD
TYFE
CCDF

1en.

CUBIC
A1 LN

46.9
46.9

46.9
99.2
54.2
133.3
0.0
403.6

4.9
95.2
54.2
133.3
70.0
£3,1
gss.s

bb. 9
99.2
34.2
133.3
70,0
63.3
158.8
176.3
141.3
943.3

ACFES
CLEARED

0.1
0.1

o OBCO
o n Wiens

R o D2 o0
RS
Pt W N

moQs S oo o
SeBllemeon

SEGMENY
HOURS

1.9

A
~&C g s ©

SEGMENT
cosy

170.07

170.07
185.00
167.38
2T4.617
286.23

170.07
169 .oo
167,38
274.67
280.23
202.73
360.69

Lr0.07
169.00
167.38
274.61
280.23
202.73
360,66
5al.16
698.43

KETHOO
HOURS

49.1

134.6

HETHOU
LGSY

170,

106i.

2910,

FEBUT SR NSV AT AL OGS EREE RN AED S INSNIIB RN LI SFA IR IBREINANRBEEBHIBI R EONANRA SR L AIBREAE NS VSR RSB RATESRENUB AN SIS S SRS AR IR ISR RS RRIRS
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....uunnnnunn-nauumnuutuunnu-unnounnuuuuunuuunu-uunnnnunnnuuuno'unuuuuu
. WEIGHTED METHOD
Cl STANCE  (ANOING  AVERSGE HOUALY LARBING  LANDING  SYSTEM  SySTEN @UILOING NGYE €
NETHON | ANDING FROM S12E CUT  DOZER  BOLER  EFFIC BUILDING OUILDING “OVE POVE ( NOVING LANGING
NIMBER  NUMBER  HUINODARY ACRES DEPTH Wb cest COCE HOURS cost HOURS cost HOURS cdst
1
1 i 189, 6.1 0.3 12, 21.63 1e00 2460 56.27 Je8 u.gg 3.71 86,27
2 i 164, o 0.3 72. 21.63 1.00 1.04 22.51 0.0 0s
2 2 2525, 1.5 (14 72. 21.63 [\" 4 L. le 67.13 2.0 101,26
2 204 90.90
1 1 159, Q.4 0.3 72. 21.63 1.00 1e04 22.51 0.0 0.00
] 1 2525, 0.9 C4 72. 21.63 0,7 1.66 35.80 2Q  M0t.26
3 1 878, 1.5 0.4 72. 21.63 1.00 2.19 40.42 1e8 91.13
3 4.31 311.13
4 1 3150, Q.8 c.3 72. 21.¢3 1.60 1.04 22.51 0.0 0.00
“ 3 252%, 0.3 G4 72. 21462 6.90 1. 6¢ 35,680 2.0 101.2e
Y . 3475, 0,5 0.4 17,  21.62 Lo Y 38,25 1] 91.13
4 8175, 1.2 0.3 72, 21.42 0. 83 2.¢0 54.27 242 1'1.39
) 4.29 4%6.62
G000 AR SARRARIARC AR IS NORSNRINERIIRSS000CRARISNRRRIEORERSASNOECERSRSINRRLREI240200008000RRRSRAR0R
.-...t‘.@t.tti‘.l"..inatnttltttotttl“.‘OQI10il“.“.‘.“‘llll"Oll‘!‘..0.!".!"'.."‘....‘..“ e Sesdtedd
MINTMLM MAX | MUM FIXED SKIDDING TRALY SLLSF AREA  FIX€D
HETHOD  LANDING MRE} IREA ace  SKICCING  SKICDING  SKIDDING  CORPECTION  TRAVEL LOADED  DIFF 1CULYY | NE
KUNBFR  NUMDER  RUMER VOLUME ACRES  CISTANCE  DISTAACE  DISTANCE fACTOR  OIRECTICN (f) FACTCR  CYuLE
1 1 ! 65030, HT 415. ABS, 0. 1.90 5. 1.00 1.0
t i 2 0000, 28, 1005, 1005, 265, .90 -2. 1.00 7.¢
! 1 4 soean, 1¢. 525, 525, 2080, 1.90 -3. 1.00 1.0
t 1 5 22500. 9. 415, 415, 3700. 1,90 -5. 1.00 1.5
1 1 7 90000, 4%, 1180, 1180, 1204, L1.40 i, 1.00 9.9
1 1 5 4000. <o 275. 27s. 4000. 1.40 -84 0.90 94
] 1 9 15000 1. B40 . 840, 3009, [ -10. 1.00 ki
\ 1 In 12000, e. HER 289, 4980, 1,40 -2. 1.00  kke@
1 | 11 26000, 1€, 1695, 109%, 4550. o4 s. 0.90 il
3 { 12 16000, 16, 625, 425, 5050, 1.50 10. 0.80 LI
1 1 13 2100, 21, 590. $90, 6230, 1.50 10, 0.90 13.3
] | 14 1 5300, 1%5. 575. 570, a000. 1.50 [ 9 090 L3
] 3 19 26000, 12, 520. 520, 5740, 1.50 15. 9.0
1 1 21 3000C. 1%, 1095. 1095. 50500 1.70 12, 0.8 9.9
1 i 22 5070, 110, 1704 7700. 1.70 0. 1.00 5.0
) { 21 105000, 3:: sno, 900. 7225. 1.70 10. 1.00. 5
2 1 i ¢5000, 2t. 485, 485, 0. 1,00 S. 1,00 1.0
F 1 3 57500. 23, 220, 820, 205, 1460 5. 1.00 1.9
H 1 4 40030, [T 525, 525 20QQ. 1.60 =34 1.00 1.0
H 2 5 2990, 9 41s 418, 990 1.60 0 1.00 0
2 2 b 12200, 5, ‘90 ‘90 600, 1,60 12 1.00 1.0
2 2 7 WOOF. LN 630, 630, 1460 - 1.00 9.9
2 2 ] 4000. 2. 215, 275 130:: 1.60 . 1.00 .0
2 2 9 15000. 10. 445 445 9%, 1.60 =10 1,00 li.0
2 2 to 12000. [ 245, 282, 1680, 1440 TN 1,00 1.0
2 2 1 24000. 16, 1095 1093, 1290, 3.40 2 1.00 1A0
2 H 12 18400, le, 825, 628, 1780, 1,40 S Vo0  lasd
2 2 13 27030, 21, 990. o94, 2670. lewd jUN % CO 1s.0
? 2 14 15000, [EN 570. 57G. Sn%0, 190 10, 0.9 13w
H 2 18 26009. 12, 820, €20, 2ne0, 1.5 Se 9490 923
? H 21 0000, 1%, 1008, 1095 1880, 1450 15, 0. €0 .0
? 2 k34 0, '70. 176, 3660, 1.50 12 1.00 5.0
H i a3 105030, 3; 909, 900, 4260. 1.50 10. 1.00 I'™
3 1 1 $%00¢, Qb 495. 485, fly 1.% 1
1 ] 3 1200, 21, 820, 820, 265, 1.90 5 1.00 1.0
3 1 4 40090, b 525 525, 20110. 19 -3 1.00 1.
1 2 5 2200, S 415 als, 990. 1.60 104 T
3 ? ¢ 12°00. %, 190 600 600, 1,00 12, 1.00 Tew
] 2 1 30€30. 45 +30, 620, 0, Leb0 -2 1.00 9.9
3 ? ] L0On, ‘e 275, 21s. 1300, 160 -8, 1.90 20
3 ? L] 15090, 10, 445, 449. 990 1000 -10 10
3 3 tn 12000, 285, 285, 160, 1.70 -10 1.00 L.
3 3 11 2a0an, 1¢. 1095. 1095. n -2 f.00 1leo
3 3 12 16000 Ib 425, 625, g, 1.72 Se 0,50 130
] 3 13 21000, 27 §a0, 550, 1390, tel0 10, C.80 13,0
3 1 14 15009, e, £70. €10, 3¢ed, 1e89 19, 0.90 3.0
H 3 12 26090, 13 520 520, 190, L0 0.9 ¥.0
] 3 2 0800, 15, 095 1099. 0. 1.80 5 0.€0 1.0
3 1 27 4000, 17C, 170. 2400, 1.00 12, 1.30 5.h
1 3 23 105Gn0. 33 19, 900 . earn, 1.80 . 100 %0
4 i 1 65000 2¢. 485, s, [ 1.90 Y 1.30 T4
4 i 3 575349, 23, 23, LELBS 2¢5. 1.90 5 o 1.0
4 1 4 40030 1€, s2s, 525, lto 1,90 -3 1.00 le
4 2 ] 22500, 415, 1%, 990 1s00 19. 1ed
4 2 [} 12500 5 190. 00, 0N, 1460 1.00 [
4 2 1 [0000. 43 630, 410, . Lt -2. 1.00 Q
4 ? q 4000, €. 275. 218, 1300. le6¥ ~# 1.00 Vol
4 2 9 15000, 10, 445, 44E, 490, .60 -10. 100 419
4 3 11 12000. LS 285, 265. 163, 110 ~-10. 100  Liag
4 3 1 24000. ie. 1095, 1SS, n, fe0 -2. 100 alev
4 3 14 40N0, t. 490, 4560, 300. 1.10 -5, 0.90 13.0
4 4 19 10090, 5. 210, 270. 790. 1.70 =5 0.90 9.0
4 4 16 3r000, 31. S00, joa, s0n, 156 -4, [[R4 IY.0
4 4 17 15000, 15. 450. 450, 1250 -5, 080 Lde0
4 4 20 16000, 8. 2135, 335, 237 150 3. 0. 00 L ]
4 4 2° jccon, ‘5. 1tte, 1116, 200, 1.50 4. V.80 v.e
4 4 23 «0N0. 2. 170. 170, 2020, 1.50 LY 1.00 5.0
4 4 23 105000, 35, 120, 120, 150, 1.50 b. 1.00 Se0
SESE IS B ARSI ARIERRALEASRDRIFROSBINNIBERISN ISR S00RGRRNANINAR SISV RRESARINOSS e SESCANON SIS BNOLS
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suakabddkhn ALL SKIODERS N)RKH«C Vocf‘tu:n ke -

L L A D T R T L R e T B

IREA
NINIMURN  NAX MM CYCLE NUH%EP SKID AREA LANDING LANDING METHOD METHOU
METHEN LAND ARES SKID  VOLUME voLurE TINE TIME SKICOING  SKICDING SKIDDING  SKIDDING 36 LUOING
NO NO Wi MO SKIDOFD  SKIGOED MINUTES CYCLES HGURS HOURS HOURS CoSTS HOURS WOSTS
1 1 1 1 An0.0 400 .J ‘9.91 ‘63. 51.21
1 1 1 2 463.0 460.5 1£.51 141, 38.89
1 1 1 22.10
1 1 2 1 45f1.0 450, 32,45 ‘56. 24413
1 1 2 2 470.0 470.0 27.21 ‘49. 67.54
1 1 2 37.46
1 1 4 1 45n.0 450 4 42.8° a9, £3,42
1 1 4 2 40,0 470.0 35.43 95. 50.25
1 1 4 28.04
1 1 5 H 450,90 450.5 P, T1 50. 48,93
1 1 5 2 470,00 470.0 41,47 43, 3,27
1. 1 4 21.47
3 3 ! 1 460,70 460.3 40,05 196. 120.5¢
1 1 7 2 500.0 5000 33.4) 140, 100,48
1 1 7 56.79
1 1 a 1 c00 .0 405 J Chail 10, 10.70
1 1 g 2 420.0 420.0 62.82 14. 8.38
1 1 3 4.10
1 1 9 1 510.F 510.J 57.¢9 2¢, 28.23
1 1 9 2 550.n £50.0 47.7" 21 21469
1 1 4 12.27
1 1 [N 1 460.0 460.0 76.40 26. 33.25
1 1 1o 2 49040 450490 62,84 24. 25.7
1 1 10 ‘4.50
1 1 1 1 500.0 500.0 102,74 48, 82,19
1 1 11 2 620,10 £20.0 E4.28 4e, 64.9'
1 1 it 36.27
1 i 12 1 450.0 450.C  121.88 2b. 72.23
1 1 ‘2 7 90,0 490.0 101,66 33. 55.00
1 1 12 - 31.22
1 1 13 i 450.0 450.0 136.69 60, 136.69
1 1 13 2 4900 490.0 11257 55. 103,38
t 1 13 S8.8¢
1 1 14 t 450.0 450.0 148.72 1, 82.34
1 1 ‘4 2 490.0 490.0 121.35 31. 61.91
1 t 14 33.34
1 1 14 1 450.0 450.0 131.56 58, 126.69
1 1 in 2 490.0 490.0  I0E,37 53. $5.84
1 1 18 $4.56
1 1 21 1 450.0 450.0 120,20 67 '33.56
1 1 21 2 490.0 490.0 $8,13 cl. 100.75
1 1 21 57.43
1 1 22 1 450.0 450.0 117.11 13. 26.03
1 1 22 2 490.0 490.0 95.19 ‘2. 19.43
1 1 22 ‘1.12
1 1 23 1 450.0 450.0  128.61 233. 500.16
1 1 23 2 490,0 490.0 104.40 214. 372.85
1 1 22 213.61
1 : 695.75 20769.13
695.75 28769,.13

ST NSRRI ENASISIRRNEIRERREIUB RIS FNEAS LI NN ANAN IS ORI AU NS AN ACAEIRNNSSAINIITARGASIUSNNNES VIS SSNSSEIRNRNESR NI S2SSRARE
snkusssnsne ALl SKIGDERS WURKING TDGETHER ssestssssvas

AREA
NINIMUN  wax [MUM CYCLE  NUMRER SK1D AREA LANDING LANDING METHOD R LMCD
METRON LAND  AREA  SKID  VOLUME VOLUKE TIME OF T1ne SKIB0IRG  SKICDING SKIDDING  SKIDDING SKIVDING
NG NG NC N0 sk [DDFD SKIDDED MINUTES CYCLES HOURS HOURS HOURS CEsTS HOURS LUSTS
2 1 1 1 400.0 400.0 17.19 163. 44.57
2 1 1 460,0 460.3 15.12 141. 35.62
2 1 1 20.18
2 1 3 1 450.0 450 .0 21.00 128, 57.49
2 t 3 2 470.0 470.0 22466 22. 46,82
H 1 3 25.80
2 1 4 1 450.0 450.3 40.53 99, €0.0%
2 1 4 2 470.0 470.0 33.53 5. 48.13
2 1 4 26.83
H 1 72.02  3011.06
2 2 5 1 400.0 400 .0 28.95 56 27.14
2 2 5 2 420.0 420.0 24062 54. 21.99
2 2 5 ‘2.15
2 2 6 1 400.0 400.0 19.55 3. 10.18
] 7 4 2 420.0 420.0 '7.05 30. 2,46
2 2 [3 4.62
2 2 7 1 60,0 4ed, 0 21.¢) 196. 70.47
2 ? 7 2 500.0 S00.0 18,94 180. 56,32
H 2 7 31.46
? 2 8 1 400.0 40940 21.39 10, 4.73
2 2 2 2 420.0 42011 24.26 10. 3.4%
2 2 a 2.12
? 2 9 1 5'0.0 510.5 30.36 29. 14,88
H 2 9 2 550.0 550.1 26.17 27. 11.89
2 2 9 6.61
H 2 10 t 463.0Q 4600 34.21 26. te.87
H 2 1 2 490.0 490.0 29.22 24, 11.93
2 2 10 €.62
2 2 11 1 300.n 500.0 45,40 48, 36.32
? 2 11 2 520.0 520.0 38.22 4t. 29,40
2 2 31 ‘6.25
? 2 12 i 450.0 450.6 53.58 36, 31.75
2 2 12 H 490.0 490.0 45.66 13, 24.85
2 2 12 ‘3.94
2 2 13 1 450.0 450.0 27,09 60, 87.09
2 2 13 2 490.0 490.0 73.10 55. 67.14
H 2 12 37.91
? 2 14 1 450.0 450.0 110.70 33. &1,50
2 2 14 2 490.0 490.0 91.73 31. 46.60
2 2 14 26.58
2 2 18 t 450.0 450.0 50.99 58. 49.10
H 2 19 2 490.0 490.0 42,81 53. 37.36
2 2 18 il.37
2 2 21 I 450.0 450.0 Tautbd 67. 82.96
2 2 21 2 49n.0 490.0 62.47 61. t3.74
H 2 21 3e.08
] 2 22 1 450.0 450.0 58,82 13, 13.07
2 H 22 2 490.0 490.0 48.47 12. 9.89
2 2 22 5.63
2 2 23 1 450.0 450.0 82,00 231, 318.99
2 2 23 2 450.0 450.0 66,10 233. 259.37
2 H 23 ‘43.03
2 2 364.33 15065.10
2 437.15 18076. b
3 1 1 1 400,0 400.0 1€,51 163. 51.21
3 1 2 4b0.0 460.0 16.51 141. 38.09
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SKIDOING

sesanesesss ALl SKIGDERS AURKIKG IUGPHIHER swessospres

RETHEO
SKIVOING
(413 H

METHOD
SKINOING
HOURS

LANU NG LANDING
SKICOING  SKIDDING
HOURS CosTS

AREA
FOURS
22.19

28408

28,04

18.80 325922

12.16

2388.861

51.17

12.27

°,3s

30.58

21.08

1.7

25,28

4alt

11311
237.59 SR24,.48

Maa ld 15471431
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BESH IR SO EEOANI SISO FNEVOIINNINICC NIRRT IU0IBANIRIIRINNNIFINIILINIIIINCRIINEIRTPINUIRIINIEIIISPINTEOuiItNettenssinvriiees

METHOD  LAND
M NO

Rahat ok 2B K R o BT Rl o R R e L Ly Ll B W P S PR PR

TOON e OO L e d W RO A AT A TR e A RO N e e — e
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AREA  SKID
N N
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CRAOm gy s T2 mnm

[
AR OO

-
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A o

P

o Mo
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vl iMum PAX YN CYCLE  NUMRE® AREASKIL
VOLUME VOLUNE VINE of 1IME
SKIDDED  SKIDDED MIMUTES CYCLES FOURS
0.0 450.4 30.0. t2s. €4,7%
10,0 420.0 15,44 122, 51,36
459,93 450, 52.91 89. 63.32
AT0.0 4 1u.0 35,43 85, 50,25
‘OP.0 00,0 28,65 54, 2712
420,0 42040 24482 £4, il...
g, 0 00,0 2n.07 ., 12,03
420.0 ©20.0 19,498 30, 9.90
60,0 $40.0 21,61 e, 10,47
100.0 50040 18,54 190, 56,82
A00,0 W0, 0 29.29 10. 4,13
1370 §23ed 24.26 10, 1,88
s|n. ¢ §10.0 20,26 75. 14,38
550,90 5500 26.11 1. 11.49
50,3 &40 .0 25.E1 26. 11,22
'90.0 90,0 12.% 2" 9,21
s80.0 50744 17 454 48, 27.1
$20.0 $20.4 9.1 hba 22.3
'S0.0 %504 35.33 LD 20496
490.0 45000 3l.82 33. 16,88
‘70.0 ‘51.0 45,85 L8 65,85
590.0 £90.0 59.23 55, 54,39
'90.0 ‘S0.0 A7, Y \l, &8,55
490.0 £90.0 13.0° . 37,25
450.0 *50.0 34,84 58, 33.55
490.0 *50.0 25,87 51, 26.39
'S0.0 'S0.0 $1.88 67. 57,64
490.0 '50.0 *4.03 61. '4.93
'50.0 50.0 42,71 13. 9.4.
490.0 '90.v 3%, 47 ‘2. 7.2
459.0 ‘S0.0 6%.85 233. 256408
450,0 450.0 53.79 233. 20.. 1¥
£00.0 £00.0 10,61 163, 51.21
*60.0 60.0 16,91 141. 39.99
50.0 50.0 30.01 128, 44,09
MINTMUY  FAXTHUY CYCLE MNUMBER AREASKID
VOLUME VOLUME TINE oF 11ME
SKIDUED  SKIDDED MINUTES CYCLES HOURS
70.0 570.0 25,44 ‘22, 51.88
“50.0 45040 42.9° 19, 63,42
470.0 47040 28,43 85, 50.2%
00.0 *00.0 FI 1] LT 27.14
20,0 £20.0 FIN Y] [TH 21.9.
00.0 a9 .0 23.09 3. 12.03
20,0 420.0 19,94 10. 9.90
480,10 60.0 21.81 196. 70461
500.0 00,0 10.%4 186, 56,92
400.0 ‘00 .0 28,39 10, 473
420.0 420.0 24,26 10. 3.4
$19.0 5100 310.38 29. 14,88
550.0 S50.U 26.17 HN itedy
£40.0 46044 2%.8) 28, 11.22
499,0 49040 22.% 26, 9.21
580,90 500.0 33.9. 48, 21. 1%
520.0 82040 2911 4, 22.3
450.8 ‘50.3 30.61 13. t.eo
£90.0 £90.0 27.09 ‘2. 1.53
£20.0 4205 26,39 24, L0.47
o Tan 670.0 22.93 21. t.13
£30." 43043 39,%¢ 96, 56,74
60,0 60.0 34,23 £0. 45,39
40,0 “0 0 21.23 3. 14,33
+80.0 10.0 22.17 3. [T -1)
*S0.0 55.0 55,58 36. 3351
‘90.0 90.0 4144 33. 25.82
590.0 90.0 42,43 61. 41,50
520.0 §20.0 36,24 88, 34,86
'50.0 450.0 43,25 13, 961
100.0 500 .0 3.0 12, 1.1%
o 700 470.0 20.52 21, 76.04
110.0 5'0.0 17.37 206. 59.6'

SKIDDING

sessesssens AL SKIUDERS WORKING TOGFTHER sessssevssse

AREA LANDING
SKIDDING
COsSTS

NETHOD HETHOD
SKIDDING  SKIDVING
HOURS costs

LANDING
SKIBDING
HOURS

FOURS
28 bbb

28.0.
79.90

3280.22
12419
L} )
ot

212

&.61

57.77 2348461

26495 '031.06

25.37

6449

14,58

‘9.35

4.10

3341
103.31 4211.99

264443 10950, 5¢

e

53
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METHOD
NUMBER

e L L I

LANDING
NUMBER

|
)

1
3

f
+

L and ING

VOL UME
CATSNY,
162840,
453N,

167509,
146009,
261000,

102500.

144600,
$29%,.
209400,

LANO

ING

ACRES

2

2

1

A3,
65.
18,

e
w7,

85,
.

a6,

112.

HE Thi)
VCLUME

5e15¢0.

567156C,

567500,

581500,

HETHO®
ACRES

243,

283,

282,

293.

esssveey PEP LANCHIMG savvvsens
WEIGHTE

AVER AGE AVERAGE

AVERAGE FIXED TRAVEL AVERAGE
SKIBDING  SKICDING  SKICDING SKICOING
BISTANCE P STANCF  DISTANCE 01 STANCE

t86, ‘296. 4671,
bfb.
tlo, 792, 1587,
586, 201¢. 3212.
LT
tlo, T42, 1171,
432, 116, 1221,
€94, 135, 3204.
579.
&in, 12z, 1771,
«32, 116, 1221,
535, 470. 1526,
€24, 1057. 1543,
550.

e eses PER METHUD e¢swedteve

REIGHTED
AVER AGE MERAGE
FIAED ThaveL

SK ICCING SKiuvviNe
OISTANCE ChblamE

4296,

1399.

985,

159,

4871.

2ist.

22490,

1540.

"OQ'O..t“..‘..‘l‘...‘l“‘..‘..."l‘.'..l"""."0'.......‘.l".'.....“’...t....l.‘.“‘0.““.“."........‘..‘.‘.'l...."
20000 ERNY

METNOD
NUMBER

o O N

* -

A

LANDING
NUNBER

1
1
2
¢
1

o

NESPREES
TaucK
TPAVEL
CORRECTION
FACTOR

'1.99
0,95
0%
0.95
2,90
0.95
0.96
0.90
Q.05
9. 30

SISRNIL SBVISIERBEESSUABRA SRS

phaddd RS e L T T T Y T R L Ll LTl L e,
s34 ALL TRUCKS WORKING TOGETHER dssss

%rrl
3
m=T
Ro

Fo Y e

Wwww DN NND

AELDDAEDLEDARNDPRDDA DN WWWwW

D LANOING

NUMBER

1
1
1

NN e

WU el N g TN e g e

P2 P WWWNNN - - —

TRUC K

NUMNBER

l
2

[N R g

LV

N -

N o

N -

CYCLE
TIME
HAURS

2,82
2.93

N
[ee
N

N
= ©

3.35
3.47

NUMBER
of
LOADS

2153
2e3.8

W w

225.5
202.5

80.0
72.0

28.9
26.0

116.1
104.5

TRUCK
TIME
HOURS

885.62
830.¢5

254.74
237.85

b72.74
626.12

254.14
237.E5
239.20
223.33
449 +80
415,55

2%4.14
237.85

239.20
223.33

89.¢1
83.87

368.55
362.75

LANDING LAND ING
TRUCKING TRUCKING
HOURS COsT

429.56 17182.48

123.00 4520.13

324,8312993.30

123.00 4920.10

115.50 4619.34

217.18 8687.21

123.00 4920.10

115.50 4619.04

43.21 1730.79

167,60 7504.20

METHOD
TRUCKING.
HOURS

429.56

447,83

455.68

469.37

METHOD
TRUCKING
cost

17182.48

17913.40

18227. Ib

18774.91

FASSSERERRENERERESIVEE SRR N I IVNSRERSIB AR AR NI IRBA SRR RERIA SIS DR ERRRR RV SEBNN S HEID S S USH V022880
SOAABESHERAS 4 I4ORRN
CONSTRAINY

CODE
1= ROAD HR
2% LAND HR

3= SKID MR
48 TRUK HR

54

1
3

UPPER
BOUND
VALUE

120.
600.



PETHED SYMUAPY
PP Rt L Ry R T e e LTt Yy T T P T T S LTI
LANDING CONSTRLCTION TCTaL MTHO)

RCAD COMSTRUCTION AND  SYSTER  ROVING SKILCING TRUCKERG RETBLD  HERVEST[AG

METH e r e n e~ S e e i e T HAKVESTING uNiT
NG HOURS 3 F/VGL HCURS bEE $/VCL FOURS (1™ vivel  FCUFS 18 f/v(L CESTS (657>

1 4, 11, 0. le 56. 0, 65¢. 20169, 51, 430, 17132, 0 . 46177.95 $1.47

2 49, 1061. 2 3. 191, 0. 431. 18GT6 . 32. 448, 17913, 32. 37241.81 454462

3 15. 1625 3. 4. 31 1 374 15471. 27. 456. 18227, 12, 315634, 38 §2.79

4 135. 2410, 5, by 455, 1. 265, HARIN 1% 469, 16775, 33. 33090.45 58431

FIMPBEAERSERRTEEBUBIRAIIEN O R RS ERL AR OS NN INBEANI NN RIS RIS TR AN H AN R AIRN RN NS AE AN KB CRR SIS IO S INIRERBUB LA CLEREI R RARBAARENE

TTERATICN Nz 1
.“.‘.“'.".l‘lonttll‘lt'nll'l'.ll‘Qlll‘tlt..0't't‘ll‘t."t'!ll!t".ll""“la.l"“it"l.“"lil‘llll‘ttttlktt“ttt.tl;;“..‘t
. ' 4 . * *
. e CI ¥ 95,20 -il.ez “T2.2¢ -41.35 40,00 ¥ RiGhD
. tg.

. L ] A9 SAERSERRRELAROONRRR IR ER SR N AR AIRB SRR NIRRT RE S R A RN AL LTSRS I RCIREET CEAERLRILEER N ICTERARTEIREAR B RS HaNy 3
. LI . SELLI‘IG * METHED & METHGD % NETHQD o0 METHCD o ! $/HR % s/HR $/Hp $/HR ¥ .
ro(p e 1 ® 4 pores | * 2 [ H ' 4 [ *ORCA0Y o LAMD & SkiL  ®  TRUCK ¥ CCNsianIS
. ¥ § % e mos= o [N} o (M2} {43} * (M4) : * (z1) * {121 = (13) & (éq) o *
.O."..t.'.t‘tt‘.tt’lt“tl‘t“”"tlltt'.‘O"l'.‘lt‘t‘t“‘!tt.tt‘“‘..t‘tOttltlttttt“‘ttttttt.l'"“l.“.“t't‘t.‘..lttt‘ltlt"
$ . . . .
G500 o X|O* L@ -567.50 -~£87,50 -567.50 ~567.50 .00 [ 0400 6.00 GubU ®
. AN e Xlle .oo 7.86 49,01 75.12 134455 -1.03 0.00 0439 .00 0.30 =
’ 1 e XL2e V& .tk ' 6.25 0.0 ~ 1.0 0,00 a.008 0.60 %
. G, 8 X138 .00 645,15 437,15 276,16 264463 0.00 [l ~1.00 G.n0* Je0J ¢
’ 0,00 9 Xla® 0.00 429.55 467,82 455,08 469,37 0.09 Q.c0 0.00 ~1.00¢ 0.00 ¥

-21.62 * X13% Leg t.co 0.00 a,an n.og ¢,00 Q.Q0 0.00 0.0 567.50 o
v -72.26 % x16* 0.0p 1.00 1.00 1.00 1.G3 a. 00 0.0 02 0.00” .00 .
e 4135 o xiT%® 0.00 0.00 0.00 1.02 4.0 1.03 0.00 0.30 0, 0us (20,00 o
=000 o xxa- e.0p : 0,00 ", 00 ¢.00 €.00 0.0 LD o.ooc 600,00 %
¢ -
‘..".."u‘t“"‘ta‘tt!l&l!!ll!t‘ﬁ‘lll."!:‘ttll‘l.“tttt“‘ttt.‘l"o‘!llﬁll‘n.tblQ&tltllQ.w!lll‘tllt!lllt‘ll'attlctl‘lt‘ttt)s.l
. £ 1T = ®
e (-BAR RCW ¥ 0.3 0.C0 0.00 8.00 ~21.¢13 -12.26 -41.35 =40,00% 8.

D A DT T T T Y

AFTERLEITERATICNSTHFEGPYTPUMSCLUTICNCOASISTEC O F

.‘.'..‘.'&."""e.“-.".'..‘..“'.l".‘..Q.O.l.""Q“’.“".“‘l.'l"‘.‘..'t““‘.‘Q‘Qt‘-..“"‘.‘ %
RO&D L] LANCING COAST LANCINGCCNST TuTAL

¥ THOD wLTHOY coNst CCNST AN SYSTEN aND SYSTEM  SKIDDIAG Sx 10DIAG TRUCK ING TRUCKING  METHOD
¥ PROPORTION HOURS cosTs bR S cosTS HOUR'S COSTS HOURS cosTs COSTS

4 0.75 101.5 2193, 4,0 343, 200, B269. 354.5 1417¢€. 24589,

3 Ge24 1é.4 398, let T6. 92, 3768, 1ll.6 4463, 8725.
TOYALS: 1.00 120.0 2596. 419. 292. 12057. 46640 18641, 33713,

.
SENEE EREREASRAREERTARSCEFEANRSAXISCARINNEVEIN A A ISSHNFESERSEIINAA NI INRBSRE I SBT IR ARBEARIS ARV ABIIEUDSIREAEN SRR E R IR BIDR SRR RSO

FEBNNRE AR EES IR REAAERE AR RU S PERRARCRREEINUP SRRV ORDFRAFIRAIR AR HALPRNINIARAIVRASARL RN RS

{A} TCTAL DELIVERD PRICE OF HARVESTED TIMBER: 53913, UNIT PRICE: 95,00
t8) TOTAL HARVESTING COSTS (THGSE CCNSIDERED): 33713, UNTT COSTS: 58.41
wm—— - -

DIFFERENCE: (a)~(8): 20196. 35.59

FESF NS RREERSREIBR RSLIE R RLRRA USRI E LSV RN ABESIRISARS NS PN RRIR AR UNRRAIERNBEEERE RN

TTERATICN MO= 13

AUNEEEIR A AR CERSARA R RIT AL IBIIRAIRIFIHISESSHANSIBERNOR VBTN AL PABACH R IBRASSIDASD A AR AEBE AR RS RORBAIBV IR BEBRIARRAERNIE SIS P RARI AR SR

* * * * L] *
. & CJ * 75,00 ~21.62 -12.26 ~41425 ~40.00 RIGHT .
» L * . .
» * A L 3 AFERERERERR SR AR PAESID LB RAOANGHENIBOAIRALBALINUNSH NN IZASNEDOIIRERRBERIAREB SRR VAR ARSI BEA R RN R EBERR AR & ﬂAhD -
* * % ® SELLING * YFTHOD ¢ METHOD ¢ METHOD * METHOD * * 3/HR & S/FR % $/HR * $/HR = »
*« (8 ¢ 1 % ¢ PRICE ¢ * 1 * < » 2 * 4 + * RCADS * LAND = SKID * TYRUCK # CONSTANTS #
* . 5. (Y & (M1} (M) € (M3} *  {M4) . * (711 = (22 = (131 » (Z4) » *
‘.‘l.“ﬁ‘.t“l.".lttt‘t.t.’.‘t.‘t.t‘tl‘..'!‘l.‘l"t."t"..l...O....“‘..l“’.... (2212 % ;] HESP SR EREEEE T
L ] * - * *
. 0.0n s X 1¢ 1.00 0.00 0,00 3.0 -3.00 ~0.00 -0.00 ~3.00 -0.00% J07.50 *
- a.qQ & y 1* -0.90 l.28 Q.79 7.00 ~2.00 -0 00 1.00 ~0.00 -0, 00* 541 *
0.00 o 1 @ «0,00 ©197.09 -15.05 6,00 -0.00 w04 00 -0.00 1 .00 -0,00% 291.59 »
. o # X 9% -0 .00 LO.62 1.84 0.00 -0 .co -0.00 -0.00 -0.00 1,90+ “b6.02 ®
¢ =4d.00 & X198 -0.00 197.83 15.08 4.0” -4.00 ~-a.on duls AmEs -3.00% 30b.M =
. s o X 5% -0.00 -1.13 -0.44 b .00 l.c0 -3.00 0.J0 ~0e00 ~0.00% 0.76 =
. r X Q.00 Er 1.44 1.00 0 .00 0.00 0.00 0.00 Q.00 ozg ®
. ..72“‘ o sl ~Q.00 ol a.00 2,00 -0 00 -0.00 =N .00 PO ~0.00% p30 8
. 0.00 ¢ o 6' - .00 0,00 10 <00 ? 10 1.00 -0.03 -0.30 -0,004 120.00 ‘
.
unuuunnnuunn---nunun-nnuonnnnuu"un-nsuuuu.uuouununnuannnnunnnnann"uu"uo
. ] T = .
C-gAR Oy ¢ J.00 -~1685,56 =4FELEE .30 J.C0 [y 0.00 0.00 Q.00 20199.*
‘...‘O.!t“.tt“l..l‘.'.l‘I...t"".....‘.‘O..Q"t"‘.'tl‘.‘.‘t"..Olt..ll.““."t“"’-v. * XERPERES
SHIFSRERBIRRE AL L1 I IRRRBEES R
ARNSAERERREEENES v o VEEBBIRLES
' ¢EEY 4884 ABOVEVALUES IN C-BAY RQW [ ABOVE vALUES IN (~BAR ROW ' L:p
PR RREREYEREENE ARE PENALTY CCSTS (21 APE SHADOW PRICES EITEI TR 1] )
SERNVARERERREER (L] sensEenesER S
SRS RS RGEIRRRD 86 QO"OC"‘#‘#
L2 e

SOLIASRBEPRRAEEN B SRFRERETRRLANET LRI RACHE AR FHARRNRS 4RI PRI A AA DI RN RNBR SRR AR R LRSS AR IR 002443
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SENSITIVITY ANSLYSIS

NOTE: VARIABLE CODE NUMSERS USED [N SENSITIVITY
ANALYSTS ARE NOT EASY TC CORRELATE wiTF DLTPLT
COLUMNS ANO ROWS FROM LF MATRIX

USERS FamiLIAR  MITH LP SHOULD MAKE CMANGES [N

INPUT cosTs {0 J) AND BESCURCE LimiTs (EJ) TO
BECOME FAMILTAR w{TH THE SENSITIVITY ANALYSTS AS I
C;;‘;l;f TO‘T;Eycm«vsx ISCCUANT=RETHCE FORMULATION
: ' L-0-S-

SHADNW PRICES ARE CMANSF N ORJECTIVE FUNCTICN VALUE PER UNIT CHANCE
IN RIGHT HAND SIDE CONSTRAINTS,

PENALTY COSTS AR® (HANGE IN OBJECTIVE FUNCTICN VALUE FER uN(T
INCREASE N NON-BASIC VARTABLES,

RANGES ON CUJY REPRESENT L IMITING ¥YALUES OF CAST COEFFICISERTS Teav
WILL NOT CHANGE THE CPTIRGM SQOLUTIOGN

RANGFS CN R{1) REPRFSENT LIMITING VBLUES CF RIGHY FAND SIGE CONSTRPAFMTS
THAT WILL NOT CHAMAGT OPTIMUM PASIC VARIAEBLES.

NOM-8ASIC PENALTY

VAF JABLES cosT

10 -67.947

11 ~€4.42¢

12 -72.260

11 -41.350

14 -40.6C0

15 ~27.0%3

17 -42.756

2 -7669.563

3 ~492,884
ROW SHACOHW
NUMBER PRICES

1 a.000

2 a.cca

3 0.600

4 0.000

5 0.000

& 0.000

7 a.000

a 0.000

g 0.000

RANGES RN NDH=BASILCtJ)

VARTARBLF LOWFR LIMIT
18 b7.541

Lt 64,42¢

12 12.2¢0

13 «1,350

14 40,300

15 27,053

17 42,75

2 16£5,5¢€3

] 492,884

RANGES (N RASIC CiJ}

VARIABLE LOWER  LinT UPOER LIMIT
16 ~38559,850 15352, 200
18 -21,2¢7 30 4456
L 67,547 99399 ,00R
4 ~34i.br.4 2543.590
[ -2543.590 1124.,£22
6 -64.425 CLT1372,R50)
7 -693,425 9.000
8 ~71.922 -13.081
q -T4.861 .00

RANGES ON BII)

LOWER LIMIT UFPER LIMIT
1§ 561,500 567,500
2 "74.124 132.501
3 ~554749, 0040 1.923
4 504.219 501.994
5 =356996,00¢ 440,392
& =0.(00 =-2.060
7 1,000 995995,000
8 274,124 132.5Q01
9 504,219 999599.000
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Appendix 8- L-0-S- T Program Listing

100 /A0ST  JB (FS26XK,153), 'KOGER ' NOTIFY=LFS26.K,MSGOLASS A,

00200 // MSELEVEL%(1,1)

00300 /*ROUTE PRINT LOCAL

00400 /*JDEPARM T=21,L=4K

00500 // EXEC WATFIV

00600 //WATFIV.SYSIN 0D *

00700 /J0B KOGER, PAGES=50,5+1000000, TIME=25

00800 DIVENSION OZRAP(5),OZREF (5), 0ZRC(5), SOHP( 10), SOWT(10),

00900 1DEF (10) SK{l{l(lO) TKYEN-I(IO) TKTLW(RD)

01000 ZIKTEWD( 10) , TKTLWO(10) TFTPC(10) YKEF(iO).TKVO.(lO).

01100 JNC(10), ILND(IO).ATITLE(IG).

oL 4DRSB4(ZO) JVREA(4,10),05F TB(4,10)

013X DIMENSION ﬂRﬁAVM 8.25).MEM(4,8,25)M4 8,251,

01400 1AREAMX(4,8,25) AREAFD(4,8,25)  REACF (4,8,25),

01500 2/REATS(4,8,25) AREADI (4,8,25) MREAFT(4,8,25),

01600 M. (4, 10) VOLEM(4), mu 10)

01700 4,/REA(4,8, ZS) MM 10),034(4)

01800 5 ASKDBL(4, 8),F9<m.(4 8),WSKDBL (4,8) ASKDEM(4) ,

01900 EFSKDEM(4) ,WSKDEM(4)

02000 DIMENSION LOGMET(11,20),5UM(10,10,14) ,SUMET(2,50),C1(25)

100 COMMON C(25),P(25) 012(25),‘\(5 5) ZJ(ZS) IVﬂR(ZS) PCOST(E)

@201 1, 9000(25),Q.(25), ), QP(25),0.0(25), &P(ZS)

230 :2!]‘!(3(25),&(25) JWR(ZS) IAR(4) PROP(4) .RC(4).LD(4) .S((4).
(4)

REAL LOGMET,LD,LAMMC

23

8
g
RERRRRRERRERRRRRERRRE

I SECTION 1

CTRAD CONVERTS IGESTORADING. CIDEG: CONVERTS RADIANS
TO (EGREES; KR=5 FOR READ
READ(KR, YY) ; Kuis6 FOR WRITE iRITE(KN,ZZ)

CTRAD = 0.01745329
CTDEG = 57.29578
KR=§

KW =6

BRE3BEEERCRRATREEAREEER

2E
28

(5300 CX CONPTB=CONVERSION POUNOS TO BOARD FEET,VALIE (F 0,11961
05400 CX TAKEN FROM TVA TEGHNICAL NOTE B46, 1962 BY JERRY KOGER
06500 CX “L0G LOADING METHODS AND COSTS IN THE TENNESSEE VALLEY
06600 CX REGION PAGE 20

(5700 CX CONBTB-CONVERSION FROM BOARD FEET TO BOARD FEET 1/4 INT
05800 CK  CONCTR=COMERSIY, EROM CRDS TO BOARD FEET

06900 CX WB'WSIO{FMQBICFEETTOMFEET

06000 CK  THESE (ONVERSIONS ARE ONLY LSED IN SKIDDING TIME EQUATIONS:

CONPTB=0, 11951

READ(KR,70) (ATITLE(ITR),ITR=1,16)
8;% " m{fw 8))) (ATITLE(ITW),1TWe1,16)
07 81 FORMAT(IHL,/,2X, TIYLELUSTM- JA4%,16M)

08000 CX NETH=# (F METHIS; NOZR=IF DOZERS; NSKD=F (F SKIDDERS;
08100 CX NTRK= # (F TRUKS; ICTRAT=# (F USER SUPPLIED CONSTRAINTS
08200 CX FOR LP AVALYSIS; LPCDE=LP QUTPUT MATRIX CEBUG COCE

08300 CX

08400 KR, 90)NETH  NOZR,, NSKD, NTRX,, ICTRAT , ILPANR L PCTE
8500 90 FMT(IZ 1X,12,1x,12,1X, 12 1x, ll 1x, !1 1x,11)

08600 WRITE(KN, 1(0) PGKD NTRC

08700 100 F(R'AT(3X 'NMEER F m-',zx 13,/,4X,'NMER OF',

08300 LIX,'00ZERS=',2X,13,/,2X, "NMER OF SKIDDERS=",2%,13,/,
B0 200'NMER OF TRUDS=',2X,13)

09000 WRITE (04, 125)1LPANA, L ROE ICTRAT

090 15 FORMAT(AL IR ALSIS.CNGE=! 23424 G, *LP OUTRUT Qg
1:;; 12,7, g 'y USER CONSTRAINTS=', 3. 12)

M2=NETHE ICTRAT+10

ZERQ OUT AREA VOLUME ARRAY

E3E3E
2EEE

10000 00 150 [ZAWEl NETH

10100 D0 140 IZA\L-I 8

10200 00 130 IA

1030 mv(mw T A 0.0
10400 130 CONT

10500 140 mur mf.

11200 0 170 10 21=1,26

11300 00 160 10L22<1,25

11400 ALIDL22,10021)=0.0
CONTINE

1160 170 CONTIME
170 00 186 70Tl=1,11
1800 [0 180 [Z0UT2<1,20
U900  LOGET(IZOUTL, 1Z0072)=0.0

12000 180 (ONTIME
12100 185 CONTINE
1200 00 190 IZOUT3=1,25

1230 CI{120073)=0.0

12400 ((120ur3)=0.0

1250 P Izwra)-o 0

12600 0(IZouT3

12700 mxzana»-o o

12800 IVPR(IZLUB)-O 0
POOST(IZ0UT$)=0,

13000 SRO0{120UT3) 0. o
13100 Q(IZ0UT3)=0.0
13200 QU(120u13)=0,0
13300 OP(1Z0U13)=0.0
13400 (LO(T1Z0UT3)=0,0
13500 WIZCW3bQ.0
13600 BLO(IZOUT3)=0.0
1370 B(120Ur3)=0.0
13800 C(1200T3)=0.0
13900 NR(120UT3)=0.0
14000 190 CONTIME
14100 CX
14200 CX
14300 (K *irrtoraiminin  CIRD) TYPE 3
14400 CX
14500 CX
14600 CX  IUNIT=UNITS COCE FCR BOARD FEET QORDS, ETC; HARVOL®
14700 CK  VOLUME HARVEST; PRODPC-PRODUCT SELLING PRICE;
14800 CX  SYSMACSSYSTEM MOV HOURLY (OST; FTBTMSDISTANCE IN MILES
14900 CX  FROM TRACT BOUNDARY TO MILL
15000 CX
15100 FEAD(KR, 200) ILNIT , HARVDL. , PROCPC,, SYSMHC,, CFTBTM
15200 200 FORMAT(IL 1x,rm 6 ,1X,F7.2,1%,FF.2,1X,F5.1)
%% - rmuu;x €. . 1 WRITE (KM, Z50MHARVOL,

FORMAT( \NE=' 22X F11.0,2X, 'POINS ')
15500 FF(IWNIT. EQ Z)RH‘EW.!D)!'U%X
15600 300 FORMAT(2X, HARVEST VOLUME=* 22X F11.0,2X, " INT, BOARD FEET*)
15700 FIHNIT m INRTTFI04, BN
15800 350 FOMAT(2X, 'HARVEST VOLWE=" 22x, £11,0,2, 'CUBIC FEET* )
15900 IF CTUNIT . EQ AWRITE (K., VL
16000 360 FORMAT(2K, 'HARVEST MLIME=' 22X F11.0,2x,'00RDS!)
16100 WRITE (KW, 400)PROCPC, SYSMAC, (FTBIM
16200 400 FORMAT(2X, 'PRICE IN SELLING UNITS (S)=",15%.F8, 2./.2%,
16300 L'HOWRLY LANDING MOVE COST ($)=",13K,F8.2,/,2x,
16400 2'DISTANCE FROM WOOOS EDGE 1O MILL (MILES)=’ 2% £6.1)
16500 WITE (KN, 450)
16600 450 FORMAT(/,2X,29(***),/,2X, 'D0ZER" ,2X, 'DOZER’ ,
16700 13X, 'C0ZER" 3%, HORLY' /.14, 'NMER® 5K, w3, EFIC,
16800 26X, 05T /)
R L.

WEQ. DLOD)=-HRVOL/2000.0
1710 IF{ IUNIT.EQ. 2)LOGMET(1. 10L00) =-HARV(L /1000.0
1720 TF (INIT EQ. I)LOGMET( 1, 100.00)=-HARVOL/100,0
1730 FOIUNET.EQ. A)LOGMET( 1, 10LO0)=-HRWOL/1,0
475 CONTINE

b7




17600 00 6)0 I0L0L=1,N0ZR

17700 CX

17800 CX

17900 (K setteasckrsonicinCARD) TYPE 4 koo Ak
18000 K

18100 CX

18200 CX DZRPH()=0IER HORSEPOWER; DZREF()-0OZRR EFFICEINCY;
1830 m( OZRACO=D0ZER HOLRLY (0ST; SMDZHC=SO0ZER

18400 & HOWRLY COST

18600 READ(KR, S00)D7RP(IDL0L), DZREF (10LOL ), DZRHC(IDLOL)

18700 500 FORMATIEA U1, F4.2,1X,F62)

18800 MO7HCSMIZHCHZRHC( 10L01 )

18900 WRITE(KW, 550) 10L0L, DZR-P( 10,01 ) DZREF (10L01), DZRHC(T0L01 )

19000 550 FORMAT(AX,13,2%,F5.0,3K,F5.2,20F7.2)
19100 600 CONTIME

19200 WRITE (K6 550) ST

1930 6% men/ 2x z;( *),/,23%,F8.2)

19400

19500 700 F(MT(Z(/) 2x 51(‘*')/46X 'SKIDDER" /

19600 12X, 'SKICDER" ,6X, *SKICOER’ , 3X, 'SKIDDER!

1970 ZSKI[IIR' 6X, HORLY' ./.3X,‘MR' 3X

19800 I'HIRSEPOWER' (4X, *WEIGHT* ,4X, 'EFFIC’, BX 'cosT*,/)
19900 MKHC0.0

20000 D0 850 10L0Z=1,NSKD

20300 (K wkwriokiaekiors R0 TYPE 5

20600 CK  SKDHP( )=SKICDER HORSEPOWER; SKOWT()=SKICDER WEIGHT;
20700 CX  SKDEF ()=SKIDDER EFFICIENCY; SMSKHC=SUM OF ALL SKIIDERS
20800 CX HORLY QOSTS

21000 READ(KR , 750) SKDHP( 10L02) , SKDWT( 10L02) , SKDEF (10L.02)

21100 1, S(l}C(Iﬂ.OZ)

21200 750 FORVATIF4, 0,1X,F6.0,1X,F4.2,1X,F6.2)

21300 smc&mum(m_m)

21400 WRITE (KW, 800) 101,02, SKDHP(10L02) , SKDWT( 10.02) , SKDEF (10L02) ,
21500 1KOHC(10L02)

21600 800 FORMAT(5X,15,7X,F6.0,2X,F8.0,1X,F7.2,5%,F7.2)

850 QONTINE
21800 WRITE (KW
21900 90 FORMATL 2 ¥,.51('*' )Wy 45K,F8.2)

WITE (KW, 90)
22100 950 FORRT(2(/) 20 7B('*')/ 9K, ' NON-WOODS *+',
22200 13X, ' #orer WOOIS

22300 21X, Tkt [ GX, ‘TRA\EL' 3X, 'TRAVEL ' ,3X, 'TRAVEL' ,4X,
22400 ITRAEL' 3)( ’FIXED',/ IDX 'EM’TY' 3X, ' LOADED! 4)( ‘EM’TY'
2250 X, *LOADED! 4X,'TIHE‘ 14X, 'CYQLE! 4X 'TRUK! /ZX
22600 5'TRUCK ', 3X, 'SPEED ", 4X, 'SPEED" ,4X, 'SPEED" , 5X, 'SPEED' ,
22700 65X, 'PER‘ ,3X. ‘TRt.CK‘ ,6X, 'TRUCK?, 3X, 'HOLRLY' ,/,IX,

22800 7'NMER' ,5X, 'MPH' ,6X, 'MPH* ,6X, "MPH" 7X, ' MPH' ,4X, 'LORD' ,
2290 &%, 'E%Cé,SX. 'VOLUE',5X,*00ST* /)

MIKHC0.
23100 DO 1100 10L03=1,NTRK

23400 CJ iowiononek  CARD TYPE 6

23700 CK  TTFNA()=TRUCK TRAVEL SPEED EMPTY OVER NON-WOODS RORD
23800 CK  TKTLNW()=TRUCK TRAVEL SPEED LOADED OMER NON-WOOOS ROAD
23900 CX TKTEWD()=TRUCK TRAVEL SPEED EMPTY (NER WIS ROAD
20000 CX  TKTLWD( J=TRUX TRAVEL SPEED LOACED OVER WOODS ROAD
24100 CX TKFTPCO)=FIXED TIME PER TRUK CYGLE IN MINJTES

24200 CX  TKEF( )=TRUCX EFFICIENCY (IE 0.80)

2430 CX TKWOLO=TRUX WOLIME

24400 CX TRAVEL SPEEDS ARE IN MPH

24500 CK  SMTKHC=5UM OF ALL TRUCKS HOWRLY COST

24600 CX

24700 CX

24800 READ(KR , 1000) TKTENW( I0LO3) , TKTLNW(I0LO3) , TKTEWD(10L03),
24900 1TKTLWO(I0L03), TRFTPC( 10L03) , TKEF ( I0L03), TKVOL(IDLO3),
25000 ZIRHC(IDLG3)

25100 1000 FORMAT(5(F4.1,1X),F4.2,1X,F10,2,1%,F6.2)

25200 SMIKHC=SMIKHC+ IKHC (10L03)

25300 WRITE(KW, 1050} 10L03, TKTENA( IDL03) , TKTLNW(1DLO3) ,
25400 1TKTEWD(10L03) mm(xmos),mm(moa).wuum),
25500 2ZTKVOL (I0LO3), TRHC( 10LO3,

25600 1050 FORMAT(2X, 14,3X,F6.2 3X,F6 2,3X,F6.2,8%,F6.2,2X,F6.2,2X,
21 62 Fi0.5,2,F7.3)

25800 ll(I)

2600 1150 FGMT(I({) ZX 78('*' ),/ 71X,F8.2)

26200 U5 FWAT(IHl/ZXZB( *),/,12%, 'NUMEER” ,4X, ‘NOMBER*,/,,
26300 12X, *METHOO* ,6X, 'RORD" , X 'cr'/zxrmszx
26800 Z'SEG‘ENTS'.ZX.'LNDII&'./)

26500 DO 1250 I0LOA=1,NETH

CX
27100 CX  IMETHAMETHOD NUMEER; TROSEG-NUMEER (F RORD SEGMENTS
27200 CX FOR THIS METHOD; ILAND()= NUMEER OF LANDINGS F(R THIS METHOD

58

READ(R , 1200) IMETH, IROSEG, ILAND(10LO4)

1200 FGM\T(II 1%, 12,1X,12)

INRSBM(IDL 04) TRSEG

WRITE (KW, 1225) IMETH, IROSEG, TLAND( IDLOA)
1225 FORMAT(AX, 14, 6%, [4,6X, 14)
1250 QONTINE

WITE(KW, 1275)
1275 mzwm/ 20,2604 /)

K, 1300)

1300 F(R"AT(Z(/) 2X, 43('*') o 12X, 'NIMEER! /|

12X, 'METHOD' 13X, LANDING® 12X, BX, ‘OF * 5, 'mxmnm

2%, NMER' J3X, 'NMER' 5K, TAREAS' 5K, COE - NMEER' /)
1375 CONTIME
287mc.x
28800 CX

%é%é%é%gégééég

INAETHOD NMEER; JLN-LANDING NOMEER;

JNA= NMEER OF AREAS

JHNAXIMM VALLE (F AREA COCE MMEER ; IS THE SAME
AS W QLY IF AREAS ARE COLED IN MUMERICAL SEQLENCE

SEEERE
£R2ESEERE

282
2

READ(KR,1350)

30000 1390 FCRNAT(H 1x,12, X ,1X,IZ)
0100 IF(MLEQ.OXD m 1400

JWREA(N, LN)= N

WRITE(, L375) 0N, LN, 0N, DM
1375 FORWAT(AX, 14, 6%, 14,6X, 14.i4x.13)

DM 1325
1400 WRITE(K
0700 145 me((, ,u,‘?('*‘) &AM
30800
0900 1450 Fum(zm 2X 127('*'),/ 59x T’ , 3K, 'FILL' ,4X, 'ROAD",
31000 17,2 COZB!' SX, ROAD' , 3X,
31100 %&w 'm' 3x 'snx' zx "SLOPE' 12X, "SLOPEY X, 'TYPE" ,
312an '
3130 44X, m ZX'SEOENT 22X, 'SEQENT,ZX 'METHD' ,2X,
340 5'ETHO0Y/.2X, 'MMER® ,3X, 'NMBER' 2K, 'NIMEER" 3K,
31500 6'LENGTH' ,2X, 'HIUTH' +2X, &OPE »2X, SL[PE ZX ‘RAT!O »2Xs
360 7'RATIOMAX, 'O0UE* A, ' VARDS * 2K, ‘QLEARED" 4K, 'HOIRS”,
31700 iBX,'(IBT‘,E‘X,'PﬂRS',M,'mST',/)

BEEEE

32000 CX START OF 00 LOOP BY METHOO++++0AD CONSTRUCTION TIMES

32200 CK

3230 D0 1850 I0L06=1,NMET
32400 IRSL=0.0

500 ROCY=0,0

2600 SRONA=0.0

2700 WRHR=0.0

2800 IROM0.0

32900 T0LBUL=INRSBM(I0LC5)
33000

TILBO2=INRSEM(IDLOS)
33100 IF (10BOL.EQ. 0) [0LB02=1
START OF (D LODP BY ROAD SEGHENT+H0RD CONSTRLCTIN TIMES

DO 1650 ML06=1, 10602

ROADSL=RORD SEGMENT LENGTH IN FEET; ROADSW=ROAD
SEQMENT WIDTH ISEGMENT SLOPE IN PERCENT

OF DIRECTION BUILT; ROADSS=ROAD SEGMENT SILE SLOPE IN
IN PERCENT; ROADCR=ROAD SEGMENT QUT RATI; ROADFR=
ROPD SEGMENT FILL RATIO; ROADTY=ROAD DIFF ICULTY QOCE

SR
SREEEREEREEEE HEEEE

35100 READ(KR ,1500)ROADSL. ,ROADSW, ROMISP , ROALSS , ROACR ,ROADFR , ROADTY
35200 1500 FORMAT(F7.0,1X,F4.1,1X,F5.0,1X,F5.0,1X,F5.2,1X,F5.2,1X,F5.0)
IF (I0LB0L.£Q.0)0 ™ 170
IF (ROADSL..£Q.0.0)60 10 1700
FOLLOWING EQUATIONS COMPUTE QBIC YARDS (F EARTH REMIVED
IN ROAD BUILDING BASED ON EQUATIONS BY JOHN K. BIWMAN,
ROBERT B. MOOREA, AND CARL L. FONNESBEXX "A METHIO
OF FIELODESIGN APPLIED TO FOREST ROAIS® PAGE 194,
IN: LOW VOULME ROATS, SPECIAL REPORT 160, TRANSP(RTATION
RESEARCH BORAD, NATIONAL RESEARCH COUNCIL, NATIONAL
ACADEMY (F SCIENCES, WASHINGTON OC, 1975

a%8
&

SHRIKF HAS A VALLE OF 0.20 IN CROER TO OBTAIN THE VALLES
FOR OUBIC YARDS AND ACRES GIVEN IN THE 4 TH EDITION OF
“ENGINERING FIELD TABLES™ USDA FOREST SERVICE AND BLM
QLY 1976, (EM7100-10)

SRR
£ERERERRRERRRE



3730 KNIS ATAN(

340 ROADSF =1 .000-(0. m4mmsp)—(o COODIS*ROADSP*ROADSP )
3750 ROADFS = ATAN(ROADFR )*CTDEG

37600 cm = COTAN(ROADSD*CTRAD)

37700 M) = COTAN(ROADSDACTRAD) -ROADCR

M .
38200 K = M/(A341.0)
3830 OF = ((ROAGW/2. 0)-8()/(0)TM(RON)SD*CWD)-K¥\1FR)
38400 IC = (BC4ROADSW/2.0)/(COTAN(ROADSD*CTRAD) -ROADCR
38500 THETA = 180.0-ROADCS
38600 BASE] = (C/TAN(ROADSDHCTRAD)
B0 THTA = 180.0-ROAFS

REF = (1.0/2.0)*(ROADSW/2..0)*ROALF R*SIN( THETA*CTRAD)
390 BASEZ = OF /TAN(ROADSO*CTRAD)
39000 BASE = BASEI+BASE2
39100 RASFCUAC/ TAN(RORDCS*CTRAD
39200 AREAC=(0.5%( (Rmusx/z 0)46(46&0))*{1:)-(0 BABASECUA)
39300 FOADNA = (BASE*1000,0)/43560.0

39400 ROADCY = (AREACY1000,0)/27.0
39500 (LBE YD=(AREAC*RORLSL ) /27,0

39600 ACRES=(BASEAROADSL ) /43560.0

39700 SHROSL =SMRISL+ROATSL

39800 IROCY=SMROCYHOUBE YD

39900 IRONA=SMRONA+ACRES

40000 IROSH=0.0

40100 CX

40200 CX

40300 GX  START (F 00 LOOP FCR DOZERS+HHROAD QONSTRUCTION TIMES
40800 CX

40500 CX

40600 00 1600 10L07<1,NOZR

40700 CX

40800 CX  SEGROH=HDIRS m BUILD THIS ROAD SEGMENT; BASED ON EQUATION
40000 CX  BY JIRRY KOGER 'FACTORS AFFECTING THE CONSTRUCTION AND

ST OF LOGGING ROATS" TVA TEGHNICAL NOTE B27, TENMESSEE
VALLEY AUTHORITY, NORRIS, TN, 37828 PAGE 30, 1978
Ewmm MOOIF IED BY LATER ANALYSIS INTO DIFFERENT ROAD
EE FACTOR ROADTY FQR TH}S
mv-cxmcmmscw PER ooorr(rm
ROADNA= NUMEER OF ACRES (F (LEARED RIGHT OF WAY PER
1009.0Pc  CORRECTION FACT(R m
PRODLUCE VALLES GIKN IN FI(i,RE 2(F TVA TECH NOTE B27

BEESEERERES
SROSRRRRER

SEGROH=(ROADSL /ROADTY) *

42100 1(0.524*SCRT (ROADC Y/ (ROADSF *DZRHP(10LO7) ) )+

420 212.668*SCRT(ROADNA/ (ROADSF*0ZRHP( 10L07) ) ) ) /OZREF (10LG7)
4230

42500 WRITE (KW, 1550)10.05, 10006, 10L07 ,ROADSL ,ROADSW, ROAISP

42700 IS‘IR"PWT('J\ WWWW,;R"&%‘YI}A‘?E SR FESN Y1
1F602XF522XF522XF601XF81 1XF811XF81F92)
ME

42800
42900 1600 CONT]I

43200 CK  SYROHS=NUMEER OF HOLRS TO BUILD THIS ROAD SEGMENT
4330 CX  IF ALl DOZERS WORKED TOGETHER

43600 SROHS=1. 0/ MROSH
43700 RO IROHS
43800 SROCSSMOHS*MOZHC

SPROCM=SMROHM*SMOZHC
44000 TF (NDZR.GT. 1 WRITE(KW, 1625)1(1.05,10L.06 , SMROHS, RDCS
44100 1625 FORMAT(4X,14,5%,14,81X,F6.1,F9.2)
44200 1650 ONTINE
44300 1700 CONTINE
44400 IF(10LB01.EQ. O)SROH=0.0
44500 ¥ (10801 EQ, O)SROOM=0.0
44600 LOGMET(2,100.06)=SMROHM
4470 WRITE (KW, 1800) I0LOS . SMROSL , SMROCY , SFONA,

1RO, RO
44900 1800 FORMAT(4X,14.17X,F9.0,43x,F9.1,1x,F8.1,18X,F8.1,F8.0,//)
45000 1850 (ONTINE f

45100 WRITE (KW, 1900)
45200 1900 FMT(/ 127('*‘))
45300 WITE

45400 1950 F()MAT(]HI.// 2X,127('*),/, 110X, "WE IGHTED' ,5X, 'METHOD' ./,
45500 119X, 'DISTANCE . 3X 'LADING' ,2X, " RVERAGE" lDX H)tRLY‘
45600 211X *LANDING' 3X 'LAM)IM;' 3X 'SysTEM' 3X 'SYSTE.M'

45700 X, 'BUILDIM;‘ 5)( ‘MVE &',/ ZX 'METHOD' ZX "LADING' ,6X,
45800 A'FROM’ ,6%, 'SIZE" W6X,'aur 3X,'COZBI' 3X,'[I)ZER‘ 3x, 'EFFIC'
45900 52X, 'K}ILDIMS' 2X, "BIILOING' A5X, 'MOVE " ,5X, 'MNE ' ,2X,

4000 6'% MWING' 4, LADING',

46100 6/.2%, NMER' 3K, NMER' J2), 'BOUNDRRY" 5%,

46200 T'ACRES* 4, 'DEPTH' J6X, 'Hp¥ 8K, '00ST 4, VCOE" 5%,

46300 8'HORS ' ,6X, 'C0ST" ,4X, ‘HOLRS' 5X '(DST' 5%, 'KXRS'

46400 97X,‘(DST' ./)

46700 CK  wnmwicakakx OARD) TYPE 11
46800 CX

46900 LK

47000 (X ILDZR=INPUT (RCER NUMEER (F OOZER WBED m BUILD
47100 K LANDINGS.... ONLY O DOZER 1S ALLOD m WILD
47200 CX  LANDINGS

47300 CX

47400 Cx

47500 CX

47600 READ(R 2000) ILOZR

47700 2000 FORAT(11)

47800 CX

47900 CK

48000 CK START (F () LOOP FOR METHODS++++ LANDING CONSTRLCTION TIMES
48100 CX

48200 CK

48300 00 2200 I0.08=1,ME™

48400 MRA=0.0

48500 MCBL=0.0
486500 MSMEQ.0

48700 M01=0.0
48300 10LB03=LLAND( IL.0B)
48500 CK

43000 CX

299%((1])) %J(x START (F CO LOOPFIR L ANDINGSHHHANDING CONSTRUCTION TiMes
49300 CX

49400 al 2150 10.09<1, 10,803

49500 CK

49600 CK

49700 (K *otemioiocionkack (ORD TYPE 12 dekiincioioiokacionicdeirik dekkiokk
49800 CK

49900 CX

50000 CX  OSFTB()=DISTANCE IN FEET FROMTRACT BOLNDARY m MISLANDIG
50100 CX  ACRESL= ARES IN THISLANDING. ., SIZE (F LANDING

50200 CX  CUTL=AVERAGE CUT [EPTH OF EARTH REMOVED IN BUILDING LANDING
50300 CX  EFFL-EFF ICIEICY FACTOR FOR THIS LANDING (IE 0.80)

50400 CX  SYSHR=SYSTEM MNE TIME IN HOIRS m THIS LANDING; NOT A
5&% C‘C‘& MM IN TIM BUT A MOVE BETWEEN LANDING TIME

50700 CX

50800 L BERDOGR. 2(B0)0SFTBCIDLOR 10L09) ACRESL ,CUTL , EFFL, SYSMR
50000 2050 FORMRT(FR 0,15/ 1.1,x £4,1., 1X,F4.2,1X F5, 1

51000 PPPLL=(ACRESL*43560.0)/26. 70

51100 APPCYL=( (APPLL*CUTL*26, 70)/27,0)/(APPLL/1000.0)

51200 APPACL=({ (APPLL*26. 70) /43560.0} )/ (APPLL./1000.0)

51400 CX  LOGIC WAS m OONVERT LANDING SIZIN ACRES m AN
51500 CK  EQUIVALENT LENGHT OF ROAD AND THEN USE ROAD
51600 CX  CONSTRUCTION EQUATION IN TVA TECH NOTE 827

51700 (K  APPCYL=APPROXIMATE NMEER (F CLBIC YARDS

51800 CX  APPACL=APPROXIMATED MUMBER CF ACRES IF CONVERTED

51900 CK FROM LANDING ACRES TO ROAD LENGTH ACRES

52000 CX  HRTEL=HDIRS m BUILD LANDING

§2100 CK

52200 CX

52300 HRTAL=(APPLL/3000,0) % 0,524 *IRT(APPCYL/DZRHP( ILOZR) )+

52400 yiz, GG@SRT (APPACL /UZRP(1LOZR)) ) )/ (OZREF (ILOZRVEFFL)

52600 caﬂmmc(mm

52700 OB -SMCRL+CRL

52800 OAL=SYSHRASYSMC

52900 MOML-SMM+HML

53000 SMSYMH=SMSYMH+SMOML

53100 WRITE (KW, 2100) 1008, 10,09, 05FTB( 10L08, 10.09) ,ACRESL ,CUTL,
53200 1DZRAP(ILCZR) JZRHC(ILOZR ) EFFL  HRTBL ,CBL , SYSMR, (M.
53300 2100 FORMAT(4X,14,5X,14,1X,F9.0,4X,F6.1,3%,F6.1,2X,F6.0,
53400 1X.F7,2.2%,F6.2,1X.F9.2,1X,F9.2,2X,F7.1,1%,F8.,2)
53500 2150 CONTIME

53600 ml-OM(ILDZRhSYSM

53700 BHRS=(SMOBL+MML) /W

53800 CX

53900 (X

54000 K WLEBHRS=REIGHTED HOWRS F(R BUILDING LANDING AND
54100 CX  MNING BETWEEN LANDINGS ** MIS VALLE 1S USED
54200 CK  IN THE LP HOXRS (OLLMNS BY METHOD

84310 CXK

54400 CX

54.m SOLMMESMOBL + MM

4600 WITE (KW, 2175)10.08, W BRS, 0L

BATO0 2175 FORMAT(AX, 14, 103X,F8.2,2,#9.2)

54800 UX?‘ET(3.IU.(B)=H.BRS

54900 2200 CONT

55000 uunz ,2250)

55100 2250 Fum(/,zx 127('*') 0

55200 WRITE (KW, 2300

S5300 2300 FORAT(2(/), 1x 127('*),/,49%, 'MINDMM' ,4X, "MAXTMUM' 6%,
55400  1FIMED,

S50 24X, 'SKICOING', 3K, TRAIL',3X, 'SLOPE' 9K, 'AREA* 2X, 'FIXED' ./,
55600 32X, 'METHOD',2X, ‘LANDING' ,4X, 'AREA',7X, 'AREA' ,5X, 'AREA',
55700 43X, 'SKIDDING',3X, 'SCICDING',3X, *'SKIDDING' ,2X, 'CORRECTION' ,
55800 53X, ‘TRAVEL LOATED',3X,'DIFFICLLTY' 2%, 'TDE',/,

55000  62X,"MMER',3X,'MMER',2X, ‘NMER',5X, ‘VOLIME' 4%,

56000  7*ACRES',3X, ‘DISTANCE',3X, 'DISTANCE ' ,3X, ‘DISTANCE * 6%,
56100 BFACTR',3X, 'DIRECTION (%)°,7X, 'FACTRR' ,2X, 'CYOLE /)
56200 2350 CONTIME

56300 CK

56400 CX

59




56500 (K *riokiokionnoaCARD TYPE 13

56A00 X
56700 (K

ILN=LANDING NUMEER , [AN=MREA NUMEER,
mﬂm‘%’“ﬁm ACRES, MN-MINIMM SKIDDING
DISTANCE, AX:WAXIMM SKIEDING DISTANI A= IXED SKIDDING
TO AREA WHERE AN AND Ax WOULD APPLY; AC=CORRECTION FACTIR
CONVERTING STRAIGHT LINE SKICDING DISTANCE TO ACTUAL
DISTANCE TRAVELED BY SKITDER; AS=SLOPE (F SKID TRAIL IN
PERCENT IN DIRECTION (F TRAVEL LOACED; AD<AREA DIFFIQULTY
OOFE AFFECTING SKICDING TIME SIMILAR TO SKIODER EFFICIENCY
(IE 0.80)

ME
KR ,2400) IMN, ILN,IAN AV, M AN AXPF AC RS AD,AT

58100 2400 me(n 12,12,/9.0,¢6.0,F8.0,

59300

59400 2450 F(RW\TMX 14,50.14.41.14, lX FI0,

59500
59600

1F8.0,F8.0, LUF6.2,F5.0,16,F4.2,1,F4.1)
IF(IMN.EQ.0)60 TO 2500
PREAVCIMN, TN, TAN)=AV-
AREPACIMN, ILN, TAN)=MA

AREAMN( IMN, ILN, TAN)=AN

AREAMX(IMN, ILN, IAN)=AX

PAREFED(IMN, ILN A=

AREACE ( IMN, TN, TAR)=AC

PREATS(IMN, XLN IAN)=AS

AREADL(IMY, ILN, TAN)=

AREAFT (M. TLN. TAN)=AT

WRITE (KW,2450) IMN, LN, 1AN, AV, A8, PdN LA AF PC AD,AT

27, 0,
12XF902XF905XF7210XF606XF72, F6.1)
(i)

)
60000 2550 F(WAT(IH],/ 2X,126('*"),/,75%, 110 **), 1X, 'ALL!

60100 1,1x,'SKICDERS WIRKING TOGETHER®,1X,11('*'),/,68X,
60200 2VREA",/,28K, 'MINIMM' 3, 'MAXIMM' 4%, 'CYQLE" 2K,
60300 3'NUMEER' ,6X, "SKID',JOX, 'AREA' ,4X, "LANDING *,2X,
60400  4'LANDING',5X, 'METHOD',6K, 'METHID' ,/,2X,

GOS0 SUNETHOD',3%, FLAND' 2%, 'REAY,2X, "SKID' 3¢, 'VOLUME"
60600 64X, 'VOLUVE " 5K, 'TIVE" .6X, 'CF 6%, TIME 6%,

B0 7'KIOING' 3K, SSKIDING' .2X, *SKIDING* 3K, 'SKIDDING' ,
60300 84X, 'KIDDING')

60900 WRITE (K, 2600)

61000 2600 FORMAT(6X, “ND' 8%, 'ND' 4K, "NO" 4K, 'ND" 2

61100 1'SKIIDED',3X, 'SKICDED' ,2K. 'MINUTES' 2%, 'c YOLES',
61200 25X, HORS!, 9K, ‘HORS" 7%, HORS® , 5 'COSTS X,
61300 B‘MRS',7X,'WS',/)

61400 CX

61500 CX

61600 CK START (F D LOOP F(R METHODS ++++SKIODING TIMES
61700 CX

61800 CK

61900 CX  SKITDING AVERAGE VALLES FROM TVA TECHNICAL NOTE Blﬂ 1976
62000 CX BY JARRY KOGR 'FACTORS AFFECTING THE PRODUCTION

62100 CX RUBEER TIRED SKIOERSY TVA, NORRIS, Ty 37828

62200 CX  RADCIR = RADILS OF CLRVATRE AVERAGE VAL\E CF 483.99 FT
62300 CX  RUTD=RUTD LEPTH ON SKID TRAIL; VALLE (F 2 ASSMED
62400 CX CONEP= SOIL STRENGTH BY (ONE PENETROMETER,, ASSUMED 200
62500 CX  ARCLG= ARC LENGTH OF SKID TRAIL, LUSED AVERAGE (F 1.
62600 CK  SEE NA TECHWOTE B P 23 FCR THESE VALLES

62700 CX

62600 RADCLR=4683.99

62900 RUD=6.3

63000 (NEP=192.2

63100 AROLG=131.6

63200 £EY=1547.1

63300 D0 3100 1 10=1, NETH

63400 VOLH=0.0

63500 IROMD,0

63600 90,0

63700 SASKD-0.0

63800 FS0=0.0

63900 SHSKD=0.0

64000 10.B04=0AND( 100, 10)

64100 CX

64200 CX

64300 CK START (F m LOOP FR LANDINGS++++++ KIIDING TIMES
64400 CX

64500 CX

64600 D0 3000 I0L11=1,10LB0Y

64700 IHAD.0

64800 MA=0,0

64900 V0.0

65000 A5K0PL=0.0

65100 FSKOPL=0.0

65200 NSK[PL=0 0

65300

65400 m.smzmuu.m 1oLl

65500 CX

65600 CX

65700 CK  START (F [{)LOOP F(R AREAH-+SKIDDING TIMES
65800 CX

65900 CX

66000 D0 2900 IDL12=1,10LB05

66100 TFOREAV(IDLID, 10U 11, 10.12) .EQ.0.0)60 m 2900

60

66200 H=0.0
66300 ARUN=AMN1,0

66400 SAV-SMAVHREAV(IDL10, I0L1L, 10L12)

66500 PASIAREAA(10.10, 1011, I8 12)

66600 ASKDPL=ASKDPL+0, 5*( AREAMN(IDL10, 0L 11, I0L12)+
66700 LREAMX(IDLIO, IDL1L, IDL12))

66800 FSKDPL=FSKDPLHREAFD(IDL10, I0L 11, 100.12)

66900 WOKDPL =WSIOPL+{{ (0,5 (AREAMN(I0L10, I0L11, IR 12)+
67000 LAREAWX(IDL10, I0L11, I0U12) ) JWREACF (10U 10,1011, 10L12) )+
67100 2AREAFD(IOLIO, I0L11, I0L12) ) 9REAV( I0L 10, IOL1L, I0L12)
67200 CX .

6730 CX

67400 CX  START (F 00 LOOP F(R SKICDERS++-+KIODING TIMES
67500 CX

67600 CX

67700 00 2800 I0L13=1,N5KD

67800 CX

67900 CX

68000 LK tobriohionek (ARD TYPE 15

6810 CX

68200 CX

68300 CK  KMMEHTOD MUMEER; KL=LANDING NUMEER :KA=AREA MOMEER;
68400 CX  KS=SKIDER NMEER; SKYMN-MINIMUM VOLLME SKIDDED PER CYCLE:
68500 CX  SKWS=MXIMM VOLUME SKITCED PER CYOLE;

68600 CX  JF SKVMN=SKVMX THEN INTEGRATION

68700 CX EQU\TI(N FOR SKIDDING TIME IS NOT USED

68800 CX

68900 CX

69000 CX

69100 READ(KR , 2700)KM, KL , KA, KS., SKYMN, SKVMX

69200 2700 FORMAT(11,1X,12,1X,12,1x,12,F10.1,F10.1)

69300 XN=AREAMN(KM, KL KA )

69400 XX=AREAMX (KM, KL KA )

69500 F X=AREAFD(KM, KL KA )

69600 FC=MREACF (KM, KL ,KA)

69700 CX

63800 CX

69900 CX  (D(E SMBOLS USED FACSFACTOR; A...=SYMBOL IN APPENDIX
70000 CX  (F THIS REPORT F(R SKICDING EQUATION; E=SWEDL FIR
70100 X TRAVEL BMPTY ......... THIS APPLIES TOFACAE ,FACEE
70200 CX  TYPE COOEING (SED &1 (M

70300 CX

70400 CX

70500 IF (XN.EQ. XX)FACAE=(FX+(XNAFC )) #1.022449

70600 CK

70700 CX

70800 CK  IF XN.NEXX THEN INTEGRATION EQUATION IS LKED TO COMPUTE
70900 CX  VALIE OF FACAE +TRAVEL EMPTY

71000 CX

71100 CX

71200 IF (XN N XXOF ACAE =(F X**1,022449)+( ( 1,0/ (04 C- XNAFC) ) *
7130 L(((XXAFC ) %2, 022449/2,022449) - (XNAFC)%%2,(022449/2.022449) ) )
71400 FACBE =RADCLR*+3, 549048

71500 FACCE=(SKDHP( 1.13))**1. 317563

71600 FACCE=120,0%+1,317563

71700 FACDE=( 1. 0+UTD )*40, 223969

71800 CK  FACEE=(AREAE(KM,KL KA))**0, 180727

71900 FACEE=ELEV**0, 180727

72000 TS=ATAN(AREATS(KM,K. ,KA)/100.0)*CTDEG

72100 FACFE=(1.0+SIN(TS*CIRAD)) **2, 156775

72200 FACHE=CONEP*™0, 183381

7230 FACIE=PROLG**6.943695

72400 IF (IUNIT.EQ. 1 )VSN=SKWI(ONPTB

72500 I (IUNIT.EQ. LIVSX=SKWXCON TR

72600 IF (IUNIT.EQ. 2) VSN=SKVMN*CONBTB

72700 ¢ TF(IUNIT.EQ.2)VSX=SKWMX*CONBTB

72800 TF (IUNIT.EQ. 3)VSN=SKVMN-CONCTB

72900 IF (IWNIT.EQ. 3)VSX=SKWX*CDNCTB

73000 IF (IUNIT.EQ. 4) VSN=SKVMN*(ONUTB

73100 IF (IUNIT,EQ. 4)VSX=SKWX*DNUTB

73200 IF (SKVMN. EQ, SKWIOFAC L =VSNe+0, 110305

73300 CX

73400 CX

73500 CK  IF SKVMN.NE.SKWMX THEN INTEGRATION EQUATION IS USED
73600 CX O COMPUTE VALLE OF FACAL *** WOLUME FACTOR FOR
73700 CX  TRAVEL LOAZED

73800 CX

73900 €K

74000 IF (SKVMN. ME  SKWIX)FACL=( ( 1B/ (VSX-VSN) ) *

74100 1((vSx**1,110305)/1, 110305 )*

74200 2((vsheel,110306)/1.110305))

74300 TF (XN.EQ. XXFACAL=(FX+{XNFC ) )41, 1098034

1990 LK

74500 CX

74600 CX  IF ANJE.X THEN INTEGRATION EQUATION IS {SED TO (OMPUTE
74700 CX  VALLE OF FACALH DISTANCE FACTOR--TRAVEL LOATED
74800 CX

74900 CX

75000 IF (XN NE . XXOFACAL=(F X1, 1098034)4( (1. 0/ (XX C-XWEC ) 1 *
75100 1(( 0 C )2, 109804/2, 1096034) ~( ( XNFC )*%2, 1088034
75200  2/2.1098034))) {(XWwEC)

75300 FACBL=RADCLR**3, 472234

75400 FACOL=(1.0+RUTD )**0, 116935

75500 ¢ FACEL=(AREAE(KM,XL KA))**0, 088602

75600 FACEL=ELEV*+0, 038604

75700 FACFL=(1.0+SIN(TS*CTRAD)) *4, 681159

75800 FACGL=(SKDWT(IDL13)) #*3, 234567




75900 FACHL=CONEP**0, 067063

76000 FACCL=(SKDHP(IDL13))*3, 157504

761m FACTI =R0O.Gr*7 4

76200 TIMEE =0, 3395469*( (FACAEXFACEE *F ACCE*F ACDE*F ACEE*FACFE )/
76300 L(FACHE*FACIE))

76400 TIMEL=0.00006166*( {FAC JL*FACAL*FACBLAFACOLAFACEL*
;265((% X IFACFLAFACAL )/ (FACHL*FACCLAFACIL) )

76700 CX

76800 CK T=SKIDDING CYCLE TIME IN MINUTES AS (OMPUTED BY EQUATION
76900 CX 2 PAGE 31 (F TVA TECHNICAL NOTE B18, 1976 Bv JRRY KUGER
77000 CX 'FACTORS AFFECTING THE PRODUCTION (F RUBBER TIRED SKILDERS"
;;%% &cxx TVA, NORRIS, W, 37828

77300 GK  TIMEE=TRAVEL TIK EMPTY; TIMEL=TRAVEL TIME LOALED;
77800 CX = AREAFTO=FIXED CYQLE TIME; SKEF=SKIDDER EFF ICIENCY;
77500 CX AREADIC,) =MEA DIFFICLTY FACTOR F(R SKIDOING
77600 CK

77700 CX

77800 T={ (TIMEE+ TIMEL+AREAF T(KM, KL KA ) ) /SKDEF (KS))/MFADI(m KL, KR)
77900 KSFE=(FACBEFACCE*FACCE FACEE )/ (FACHEAFACIE )

78000 KEFL=(FACBLAFACOLAFACEL )/ (FACH A ACIL)

78100 CYQ_EN=(PREAV(KM KL ,KAY)/({SKIMWKWX) /2.0)

78200 ATHE(T*CYOLEN)/60.0

78300 WITE(KY, 2750)m KL,KA, KS, SKVMN, SKIMY, T, CYCLEN, ATH
78400 2750 FORMATAAY,,14,2,14,2X,14,2X, 14, F9.1,1,F9.1, 1%,
78500 1¥8.2,1%,F7.0,£10,2)

78600 ASMiAH( 1LO/ATH)

78700 2800 CONTIME

78800 CX

78900 (K

79000 CX  SMA= THE {IME 1T WOWLD TAKE ALL SKIODERS IF WEY
79100 CX WORKED TOGETHER ON THIS® AREA

79200 CX

79300 CX

79400 AR=1.0/ A

79500 FHA=MHA+PHA

79600 IF (NSKD. GT . 1)WRITE (KW, 2850 KM, KL ,KA, SMHAA

79700 2850 mex 14,2%,14,2%,14,57X F10.2)

79800 2900 OONT!

79900 vouum,lo I0L11)=SMAV

0000 VOLMA(TOL10, 10LLE )=

80100 ASKDBL (10L10, 0L 11 ) =ASKDPL /AMAXN

80206 FSKDBL (I0L10, IDL11)=FSKOPL/AMAXN

030 KD

80400 WoKDBL (10010, 10111 )=WSKDPL /MAV

80600 SASKD=SASKDHASKDBL (10L10, 0L 11)

80600 F SKD=5F SKDHFSKDBL (10L10, IOLLL)

80700 PHA=SH FHLA

80800 SKDLC=SMHLA*MSKHC
VOLMESMVOLME AV

81000 UACLM=SMAQL M+ SRR
81100 WRITE (KW, 2050)KM, KL , SHLA, SKOLC

BLZ0D 2050 FORMAT(4X,13,2K, 14, 73X F10.2,F10.2)

81300 3000 CONTINE

81400 vaa«(mlo)zmm

81500 ARBM(IDL10) =SMACLM

81600 smzsnm*smc

81700 LOGVET(4,10L10)=SMMA

81800 AL11=10UB04

81900 ASKDBM(10,10) =SASKD/AD. 11

82000 FSKDBM(IDL10) =5FSKD/ARL L1

82100 WSKDAM( IDL10) =SWSKD/ SVOLM

220 WRITELYS, 065004, HA, SOV

20 ABO FORMATIAK, 14, BX,F11.2,1%,F11.2,//)

82400 3100 CONTINE

500 WRITE(KW, 3125)

600 3125, FORMAT(/ 2X.126(*%*))

K700 PRI, 2150)

8800 3150 anm.z\l,/,\.mw [ @X,H 1), 25, LANDING' ,1X,
82900 19('*') 5%,90'*)," PER METHID',1X, % '*"),/,

8000 ‘bEIGﬁED 20X, EIRTED' /, 74X.‘A\£RPGE L%, AVERAGE ",
83100 317x " MNERAGE " .3, SAVERAGE ',/ 63X, AVERAGE ' 6X, ¥ TNED' 5%,
BI00  4'TRAVEL',6X,'AVERAGE' 6X, 'FIXED' 5%, 'mxﬂ.',/.zx
830 S'MTHD'.2X.'LANDING' 3K, 'LANDING' ,3X, 'LANDING 5X,
8300 6'HETOD' SK.'METHD',3X, 'SKIEDING' 3K, 'SKITOING !, 3K,
8300 7'SKICDING' B, 'SKICDING' .3, 'KIODING’ 3, '9<lmm‘a' of»
600 &, 'MMER wxmaxmu‘t'sxm ¥, WL
83700 96K, 'ACRES',3X, 'DISTANCE® 3K, 'DISTANCE® 3x,'msrm’
£0 15K 'DISTANCE' ,3X, ‘DISTANGE , 3, ‘DISTANE ' /)

83900 0050 I014°1 NETH

83000 I0LB5A=ILAND( 101, 14)

84100 00 3230 IDL144=1, I0LBSA

e,

OUTPUT LANDING AND METHOD VOLLMES AND SKIIDING INO
84500 CX  BY LANDING ONLY

B30 WRLTE (KM, 3220)10L 14, [0L14A, VOLML (101,14, 100 148)

8900 IVLMACIDLG, I0L14A) ASKDBL (I0L14, 10 14A),

B0 FOOR (10.1,1a ) Vo a0 Il

8100 220 F(RMTMX 14,5X,14,1x,F9,0,2X F8. 0 25X,F8.0,3%,F8.0,3x,F8.0)
85200 3230 CNTIME

85300 CX

85400 CK

85500 CX  QUTPUT LANDING AND METHOD VOLUME, ACRES AND SKICDING

85600 CX  DISTANCES BY METHOD QALY

85700 CX

85800 CXK

85900 WITE(KW,3240) 10114, VOLBM(IDL14) ,ACRBM(1DL14) ,

86000 LASKDBM(I0L14) ,F SKDBM(IDL 14) WSKDBM(IDL14)

86100 3240 FORMAT(4X,14,30%,F10.0,1X,F10.0,37x,F9.0,2X,F3.0,2X,F9.0)
86200 3250 CONTINE

86300 WRITE(KW,3300)

86400 3300 FORMAT(/,2X,125('*'))

86500 WRITE (KW, 3350)

86600 3350 KON/, 20 200 140 N 1 24X, PTRUEX Y,/

86700 123X, "TRAVEL ', /,2X, 'METHDD' , 2X, ' LANDING' 2K,

86800 2'CORRECTION' ./.2X. 'NUMEER* ,3X. ‘NUMBER' 6X, 'FACTOR' ,/)
86950 00 3500 IDL15=1,NETH

8700 I0LB06=ILAND(10L15)

87100 m 3400 IDL16=1.10.806

87200 CX

87300 X wkrrresioner (00D TYPE 16 wckicsriciciciickinkioniok ik
874n (XK

87500 CX

87600 CX  IMN-METHOD MUMEER; [TLN=LANDING NUMEER F(R MIS METHOD
87700 CX  TKTVCF=TRUCK SPEED CORRECTION FACTOR THAT RECOGNIZES
87800 (X THAT TRAVEL SPEED MAY CECREASE AS THE ROAD STANDARD
87900 (X DECREASES AS A FUNCTION OF ROAD LENGTH

88000 CX  (IE 0,80 WOLLD MEAN THAT TRAVEL SPEED AT THE EN,
88100 CX  WAS 80 % OF BEGIMNIG TRAVEL SPEED)

800 .GEANKR, 3360)ITMN, TTLN, TKTVCF
89500 3360 FIRWAT/IL 1X.J2 LY. F4.2)
83600 TG (1015, 10L16)=TKTVCE
88700 WRITE kW, 3370) 1T, 1TLN, TICTWCE
880 3370 FORMAT(AX, 14,51, 14,6X,F6.2)
8900 3400 ONTINE

89000 3500 CNTINE

89100 WITE(KH, 3550)
89200 3550 FORMAT(/,2X,27('**).//)
89300 WRITE (KW

Ki, 3600)
89400 3600 FORMAT(IHL,/,2X,94('**),/,57X,5('*'),1x,'AL TRUKS',1X,
250 1'WRKING TOGETHERR' 1X 5('*');!;
2600 228X, 'CYCLE ' ,4X, "NUMBER 5%, 'TRUCK ', 5%, ' LANDING',
89700 331, LANDING 5%, "METHOD' 5%, ‘METHOD*/
89800 42X, 'VETHOD' , 3%, 'LANDING® ,3X, "TRUCK ", 4X, ‘TIME" ,8X,
89900 SHFY 6K, ' TIME* 4%, 'mucxm_;' 2X, TRUCKING,3X,
90000 6 TRuxm;' WX, TRUXING' A
90100 72X, 'NMBER ,3X, ‘NUMBER ,2X. ‘NUMEER! 3X. 'H)lRS' 5X,
90200 8 LDAIB 5%, 'I-DlRS‘ 7X, 'HORS , 6X, *C0ST ’
90300 96X, "HORS . 7X, 'C0ST* /)

90500 CXK

90600 CX  START (F [0 LOOP FOR METHOOS++-+TRUCKING TIMES
90700 CX

90800 Cx

9090 00 3950 Ig.l&-l,wm

=0,
91100 IDLBO7=1LAND(IDL16)
91200 CK
a4 CX sver -
OF [0 LOOP F(R LANDI
31800 €X TRUCKING TIMES

91600 CX

91700 DO 3850 IDL17=1, I0LBO7
91800 MK H=0.0

91900 MIKH=0.0

92000 D0 3750 1M.18=1,NTRK
92100 CK

200 CK
92300 CX  START OF D0 LOOP FOR TRUCKS+TRUCKING TIMES
92400 CK
92500 CK
92600 TKTEWM=CF TBIM/ TKTENN(IDL18)
270 TKTLWM=DF TBTM/ TKTLAW(IOL18)
92800 TKTEBR=(DSF TB(I0L.16.10L17)/5280,0)/
92900 1{(TKTEWD(I0L18)%( 1, OHKT(F(IMS 10L17)))/2.0)
93000 TKTLBR=(DSFTB( 10016, 100.17) /5280,0)/
93100 LCCTKTLWD(IOLI8)*(1.0+TKTCF (IDL16,10L17)))/2.0)

>

g;ﬁgc CJX( XCT=TRUK CYQLE TIME; TKTEWM=TRABMPTY TIME
OVER NON-WOODS ROAD;  TKTI WM=TRAVEL
93600 CX OVER NDN-WOOUS ROAD; ~ TKTEBR=TRAVEL %?&EEDBL&E
93700 CK OVER WOOOS (R BUILT ROAD; TKTLBR=TRAVEL TIME
93800 CX LOACED OVER BUILT OR WODOS ROAD
Igmc . x
94000 CX
H100 TKCT=( TKTEWMH TK TLWMH TKTEBR+ IKTLER+( TKF TPC( 10L.18)/60.0))
94200 1/TKEF(10L18)
94300 TKCYC=VOLML (10016, 10L17) /TKVOL(10L 18)
94400 TKH=TKCT*TKCYC
94500 SMIKH=SMTKHH(1.0/TKH)
94600 WOLTE/KW. , 3700) 1DL16,13 T JILIEL THCT, QL e
94700 3700 FORMAT(4X,14,5X,14,4x,14, lx F1.2 ,1%,£9.1,F10,2)

94800 3750 CONTINE
94900 CX
QS(II)CJ(
9100 (K SMIKH.=THE TIME IT WOULD TAKE IF ALL TRUCKS WORKED
%20 CK  TOGETHR
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95500 AIKH_=1,0/ MTKH

95600 SHTIL H=SMTKL H+HTKH.

%70 KL C=SMTKLHASMIKIC

95800 IKMH=SMTKMH+ MTKLH

95900 TFNTRE. . GT. I WRITE G, 300) 11 16, 10017, TALH, MTKLE
96000 3800 FORMAT(4X,14,5X,14,38X,F10.2, F9.2)

961(11 B INTINE

MM
96311) LOGMET (5, I0L.16)=SMTKMH
96400 WRITE (KW, 3900) 1 0L16, ATKMH, SMTKMC
96500 3900 FORMAT(AX,I14,67X,F11.2,F11. 2.0
96600 3950 CONTINE
%6700 WRITE(KW, 4000)
96800 4000 FOMBTL | 1av., B¢ %))
96900 F(ICTRAT.EQ.0)0 m 4500
9Im WRITEOG 4290
97200 \ i J 2k 1E .
973.x 2%, gﬁm W6 '\pPER', X, 3= KID HR‘ 6X 'BOUND',/,
97400 Py, '4= RK R’ B ALE N
97500 00°4400 101231, ICTRAT
97600 K=10L23+7
97700 JONSC=NMETH+ ICTRAT+12
9800 CX
97900 CX
9000 (K ik OARD TYPE 17
98100 CX -
98200 CX
98300 CX  ICSTFO=CONSTRAINT CODE; CSTVAL=VALLE OF THIS
98400 CX  CONSTRAINT
98500 CX
98600 CX
98700 READ(KR , 4300) ICSTFO, CSTVAL
98300 430 FOWT(II 1X,F9.1)
98900 MOONSC=dN6C- (4-ICSTFO)
93axc.x

99100 CXK UPPER BOLND ROAD CONSTRUCTION HXRS
99200 CX

99300 FF(ICSTFO.£Q. 1 )P(K)=CSTVAL
B4N F (ICSIFO.EQ. 1 AGK,MIONSC)=1.0
99500 FF (ICSTFO.EQ.1) VR (K )=L

99600 CX
99700 CXK LPPER BOUND FOR WEIGHTED LANDING CONST. & MNVING
99300

CX
99900 IF (1CSTFO.EQ. 2)P(K )=CSTVAL
100000 IF (ICSTFO.EQ. 2)A(K,MOONSC )=1.0
1(1)10) F(ICSTFO.EQ.2) MR (K)=2

1(1]31) CJ( LPPER BOWND FOR SKIDDING HOWRS
100400 CX
100500 IF (ICSTFU.EQ. 3)P(K )=CSTVAL

IF (ICSTFO.EQ. 3)A(K, MONSC)=1.0
1%% TF(ICSTFO,EQ. 3) WAR(K )=3

100900 CX (PPER HOLND FOR TRUCKING HOLRS

101000 CX

101100 [F(ICSTFO.EQ.$)P(K )=CSTVAL

101200 TF (ICSTFO.EQ. H)A(K , MONSC )=1.0

101300 IF (ICSTFO.EQ.4) MR (K)=4

101400 WRITE(KW,4350) ICSTFO, CSTVAL

101500 4350 FORMAT(6X,12,7X,F8.0)

101600 4400 CONTIME

101700 WR1TE (KW, 4450)

101800 4450 FRMATL/ \2X 21(**'), /)

101900 4500 CONTINE

102000 TF(I(NIT.EQ. 1) TOTLL=HRVOL/2000.0

102100 T (INIT.EQ. 2)TOTLW.=HRVOL/1000.0

102200 TF(IUNIT.EQ. 3)TOTLVL=HRWL/100.0

102300 F(INIT.EQ,4) TOTLM =HRWL/1.0

102400 WRITE(KW, 4700)

102500 4700 FORMAT(LAL, /64X, 'METHOD SMWARY' ,/,1X,127(" %),/ 31X,

102600 TLANDING CONSTRUCTION', 58X, 7oA’ 6%,

102700 2'VETHD' /9K, Rmvmmmnw sx MO 2%, 'SYSTEM'

102800 33X, 'MVING', 10X, *SKIIDING' 15X, TRUKING® , 16X, VETOD"

100000 42X, ‘HARVESTING',/, 1, WETH 20,210 -), 3K, 210-1),3K,

103000 821('-"),3,21( =", 4X, HRESTING' 8K, 'WNIT',/,

103100 63X, 'N0' 2%, 'HOLRS BX88Y 2K, “$/WL’ 3K, 'HORS* ,6X,

103200 705881 2K, $/W0L* , 3K, "HORS" 61,/ $58°,2X, "$/ WL, 3,

103300 8'HORS',6X, '$88'.2X, '$/V0L " 9%, "COSTS 3, '00STS " /)

103400 00 4900 10 30-1, WEMH

103500 UTOL=LOGMET(2, 10 I0V*MIZHC -

103600 SOUTOR=S0UTOL/ TOTLM.

103700 SUTO3=LOGMET( 3, [0L.30) X DZRHC(ILOZR HSYSHC)
SOUTO4=SQUTO3/ TOTLWL

103900 SOUTCE=LOGMET(4, 10L30) *MSKHC

DUTOE=50UTO6/TOTLM.
104100 SOUTO7=LOGVET(5, 10L.30) *MTKHC
104200 SOUTOB-SOUTO7/ LU
SOUTO9=S0UTOL+SOUTO3+

104400 SOUT10=50UT09/TOTLM.

104500 WRITE (KW, 4800) 10 30,LOGMET(2, T0L.30) ,SOUTO1, SOUTGR,
104600 1LOGMET(3,10..30), SOUTO3, SOUTOA LOGET (4, I[ll)).
104700 250UT05 S{XJT%,L(X}ET (5 10.30), YSOUTO7, SOUTa8,
104800 330UT09,50UT10

104900 Q&DRR'AT(ZX 13,1%,F6.0,1X,F8.0,1X,F6.0,2X,F6.0,1X,
105000 lFBOF?02XF601XF801X,F602XF601X
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105100 2F8.0,1X,F6.0,2X,F12.2,2X,F10.2)
105200 4900 CONTINUE

105300 WRITE (K4 ,5000)

105400 5000 FORMAT(/,127('*'))

105500 CX

10560 CX
105700 CX HHHHHHHEEEEE SECTION 2 MERHHHEEH R A R
105800 CX
105900 CX

106000 OiC
106100 (WC FORMAT STATEMENTS USED IN RAVINIRIN'S PROGRAM
106200 GwC

106300 1 FORMAT(IHL {, 3x., LFRATIM M= J5)

106400 C 112, EOATLILIZY ALY ALY (13X AT12)/(13K, 2112))
106500 C 121 FORMAT(IX,12,F8.2.3X.412.2/ (14X . 4F12.2)/(14X . & 12.2)/
106600 ¢ 2(14X,212.2))

106700 { 122 FORMAT(SX,4F13. 1/(5¢, ¥13.1))

106800 C 123 FORMAT(1X,F12.1,1X, & 12.1/(4X, & 12.1)/(4X, &12.1)/(
106900 ¢ 3, F12.1))

107000 C 225 FORMAT( 1%/ 7X, 8HS0LUTION, 10X, PHTABLFAU,

10710 | 326 FGRMAT( 1X, JAHUARIARLE (DSTS, 2%, ¥ 15. 4/(2x 415.H/(
W20 ¢ 4,415.8/(20,F15.4)

1073 102 FGW\T(lX 5X, J7HIHE OBECTIVE FUNCTION IS NIT BONED)
107400 335 F(]!MAT(M

107500

107600 IP2 z 1

107700 (WC

107800 (WC M = NUMBER OF COLIMNS IN BASIS

107900 OHC N = NUMEER CF COLLMNS IN "A" MATRIX

108000 G

108100 M= ICTRAT+7
108200 M = NETHHO
10830 N = NETHEM
108400 N2 = NETHS
108500 = ml

108600 NG = NVETHH

108800 OWC IREP = O JF ONLY FIRST TARLEAU IS 70 & PRINIED
108900 OiC =] IF AL TABLEALS SHOULD 8E PRINTED

109103 mgp 1

109300 0RITE(KH 336)
109400 EP=5E-6

109600 GWC  "JWAR" ARRAY CONTAINS A NMER CORRESPONDING TO EACH (OLIMN
100700 QW INTE "' A" MATRIX, DUE TO THE METHDD OF INPUT INTO M
109800 O MAIRIX, M FIRST N COLLMS (BASISY OF T MATRIX MUST
109900 GMC B NUMEERED TO REFLECT THE FACT THAT IT SHOULD APPEAR
110000 gi¢ ATM ED OF M MATRIX.

110100 G
110200 00 3 I=1,M
110300 JR(]) 2 N2#]
110400 3 CONTIME
10500

1 e

110600 O¥C MMEER OTHER (DLUMNS AS THOUGH THEY WERE AT FRONT OF MATRIX
110700 QWe

110800 DO 4 1=M3,N

110000 MAR(T)=]-M

111000 4 ONTINE

111100 K=M3

111200 (WC

111433 Q¥ SET PRODLCT PRICE IN OBJECTIVE FUNCTION

111400 GWC

111500 C(k) = PRODPC

111600 K = NETHIMGH]

111700 (W

111800 (WC SET ROAD EQUIPMENT HOLRLY COST IN OBJECTIVE FUNCTION
111900 oiC

112000 C(K) = ~MOZHC

112100 K =K+l

11200 g

112300 (WC SET LANDING .CONSTRUCTION HOURLY COST IN OBJECTIVE FUNCTION
112400 OWC  LANDING CONSTRUCTION HOWRLY COST = ROAD EQUIPMENT HOLRLY
112500 OWC 00ST + SYSTEM MOVE HOLRLY COST

11}5% o C(K) = DIRC(ILER)-S

K} = 5

1o K( it (ILIZR)-SYSMHC

112900 CX

113000 GK

113103 CX SMSKHC= StM OF HOURLY SKIDDER QUSTS

113200 CK  SMTKHC= SWM OF HOLRLY TRUCKING COSTS

113300 cx

113400 CX

113500 CIK) = 90T

113600 K =K+

113700 CK) = G

113800 K =K+l
113900 G

114000 (WC  SET RIGHT HAND CONSTANTS (F FIRST FIVE FQUATIONS -
114103 04 EQUAL TO 0.0
114.m (WC
11430 Do 778 1=1,5
114400 (1) = 0.0
114500 8(1 ) = O 0




114900 K8=+2

115000 ONC

115100 (uC STORE DATA IN “LOGMET" MURIX IN “A" MARIX lo [ USED
115200 O&C IN LP

115300 g

115400 00 317 148,49
115500 0 242 1M

115600 K=1-M-1

115700 ALD) = LORET(J,K)
115800 242 (ONTINLE

115000 317 CONTINGE

116000 OiC

116100 OWC STORE ] VALLES INTO "A" MATRIX
116200 O

116300 K9 = K9+

116400 K8 = K93

116500 Xl
116600 00 467 1=K9,K8
116700 el

116800 A(J,1)=-1.0
116900 467 ONTINE

117000 i€
117105 (WC STCRE CONSTRAINT RELATING To TRACK VOLUME INTD “A" MATRIX

117200 0K
117300 A(6,M3)=1.0

17400

1117503 O/ STORE TRACK VOLUE INTO "8" MATRIX
117600 G

117700 P(6)=TOTLW.

117800 B(6)=T0NLWL

117900 W2 M

118000 G

118100 (WC STORE CONSTRAINT RESTRICTING SM OF METHOIS m EQUL O
118200 OuC

118300 DO 992 K=1,METH

118400 A7, M) = 1.0

118500 M= M+l

118900 (WG STORE 1.0 INTO *B* MATRIX
118900 GiC

119000 p7) =10

119100 B(7) = 1.0

11920 m 5 FiN
119300 JEMR(J)
118400 5 CC(I=C(D
119500 Ll

119600 m 301 J=L,N
11970 CI(I)=C(I)

119800 VAR(1 )=JWR(I)
119900 301 CONTIME

120000 O/

120100 QI STORE BASIS INTO MATRIX
120200 0K

120300 m 444 I=1,M
120400 A1, 1)=1.0

120800 O OUTER [0, LOOP CONTROLS COLLMAS | N A" MATRIX
121000 GIC  INNER DO LOOP CONTRILS SUMMING OF EACH ELEMENT OF COLUMN

121100 (€

R0 m 74 LN

12130 0.0

121400 OC "2 | s PRODUCT OF “A* ARRAY COLUMN TIMES (B ELEMENTS (F MATRIX
121500 G

121600 m 75 =1 M

121700 75 Z2A(LLICPCID

121800 GiC

121900 GIC  ENT IS C-BAR ELEMENT FOR THAT COLUN

122(11)0\( OV IS ARAY THAT HOLIS C-BMR ELEMENTS

122200 ENT=C(JWC)-Z
122300 QT (IC)=ENT

122@% FIMD LARGEST VALLE TN F.RAR RAW TN IKE AS PIVOT (DLIMN
122600 O STORE VALLE OF LARGEST C-BAR ELEMENT IN OMZM (MZM AND STORE
122700 O PIVOT COLUMN NLMEER N KOUT

122800 0K

122900 JF (CMZM.GT.ENT)GD m 74
123000 OMM=ENT

123100 KOUT=0C

123200 74 (ONTIME

123300 GiC

M 0 0 O [NREMENT ITERATION COINTER AND WRITE ITERATION MESSAGE
123500 OKC

123600 IT=T+1

123700 WITEGRWLIT

123800 IF (IREP.EQ.OX0 m 25

123900 0

124000 n.r CALOLATE Z WLIE AD STORE N WARTABLE WALLE®
124100

124200 tm VALl£=0.

124300 m 110

120400 110 vN.L£=VALl£+P(I)'CI(I)

124500 GIC

124600 Q4C WRITE OUT "A* MATRIX AS INPUTTED INTO LP PROGRAM
124703 (W

124800 CK

124900 CX  DEBUG FORMAT OPTION:::: THIS FORMAT IS HARD M
125000 CK  FOLLOW BUT SHOWS THE INPUT MATRIX IN THE FORM
125100 CX  USED BY RAVANIRINA :: SLACKS AND SURPLIS riRsST
125200 CX  MN NORMAL LP VALLES

125300 CHK

125400 [F(LPCOE .EQ, 1 JWRITE (KW, 6001 )M,N

125500 6001 FORMAT(Z5X, 'ROWS 1 THRU *,I3,' PM COLIMGS 1 THRU',I3,
125600 1IN RAVIN.'RANU’W\TRIX' W)

125700 m 2456 K=1,M

125800 TF(LPCTE EQ. 1 WRITE (KW, B456) (A(K,HA),HA=1,N)
125900 8456 FGWThO0.2)

126000 2456 CONTINLE

126100 2457 QONTINLE

126200

0L
126300 QWC WRITE QUT TOP THREE (R FOLR LINES OF TABLEAU WHICH DOES
126400 G NOT VARY BY NMBER (F METHODS
126500 GiC
126600 TE (KW, 6000,
126700 6000 Fuwxr(/ 1x _128( L)
126800 WRITE(KA
1269(XJ 6010 F(RMAT(IX '*' A @ 7X 00X e 1IX )

127100 xmmw
127200 WRITE(KW,6020) C(M3),(C(1),1K2,N)

12730 6020 FORMAT(LX,'** 4X,'* *' ZX 'CJY,2%, %' | 1X,FB.2,49X,4(1X,F9.2),
127400 13y "3 RUFT X, >

127500 WRITE(KW.6030)

127600 8030 FGW\T(IX * 4X R AN LU - SN PR

127700 WRITE (KW, 6080

1278133 6040 F(M\T(lx.'*',u,'* A % LAKI00L(' %), 3X, HAND' 8K, '**)
127900 N3 = NETH-1

128000 GG

128100 GiC BRANCH TO STATEMENT NLMBER AND COMALETE QUTPUT ACCORDING
128200 O TO THE NMER (F METHOOS

12830 O

128400 G m (7000,7010, 7020) N3

128500 CX

128600 CX

128700 CK CONTROL GOES TO STATEMENT MUMEER- 7000 IF 2 METHOOS

128800 CK CONTROL GOES TO STATEMENT NMBER 7010 IF 3 METOOS

12650 CX GATRO GOES TO STRTDENT NMER 7020 F 4 IETHOS

129100 CX
129200 G
129300 OJC  WRITE QUT TABLEAU FOR COMPARISON OF TWO METHOOS

129400 QUC

129500 7000 4.1 T (K SN

129600 6060FQRAAT(LX,'¥' 5, "% S * %19, '* METHOD -
129700 LA™ VR, OSAR ¢ SAR * IR M X
129600 IWRITE(GH,6070)

129900 6070 FORAAT(IS, '+ 2x 'CB,2X,'*,2X, e o () %4y .Y K,
VTS U Ao o0 RS L ¢ aD *,
130100 27 TRUX * CONSTANTS **)

130200 WITE(OLEED)

130300 6080 FIRMAT(IX, "/ 7,7 S * % Gk 1% (M1) * () % 2K
130400 ' (1) . (22) @y e vl

130500 WRITE(KW,8050)

130600 6050 FOPMAT(LY, 128('%'))

130700 WRITE (K, 6115)

130800 6115 FORMATCLY, '** 9K, "#* ,dX, *** .G9K, *** 11X, '*')

130900 G

131000 OVC DO LOOP CONTROLS PRINTING OF EACH RN IN MAIRIX

131100 04

131200 m 8000 J=1,M

131300 K=IVAR(1)

131400 0K

131500 GC VARIABLES USED m CONTROL QUTPUT. Y0U HAVE m THINK

131600 O:KI YOFIGIRE ﬂﬂ' THE VALUES THAT NEED TO BE ASSIGNED TO
131700 OWC THE Vi

&

132300 CX OUTPUT FORMAT FCR LP IN CONVEX FORM BY METHOD
132400 CK AND HOLRS AND NEAT HEADINGS

1050 [

132600 WRITE(,6090) COK), IVAR(L),ACL,M3), (AT, D) ,0=44,06) (A(1,J),
W0 LGN

132800 690 FORMATILX, '+, 10,F7.2,18, "%, 1%, 'X' |12, "** ¥10,2,
12000 129%,#10.2," 1X,£9.2, 1%, '+

133000 8000 (ONTINGE

133100 WITE(KH,6115)

13200 IR/ 610)

133300 6100 FRMATIX,, 1280 '+'))

13300 WITE(W,6110)

133500 6110 FORMATCLK, '** 14X, *** 90X, '+ 4x,'Z =' 4, '™)
133600 GHC

133700 Qi€ WRITE C-8AR ROW OUT IN TABLEAU

133800 G

133900 WITEGW, 6120) (OMZ(J) ,J-M3,N), WALLE

134000 6120 Fuzmr(lx 2%, 'C-BAR ROW',3X, '+ 3F10,2, *+* 28X, 4F10.2, 1%,
wilm 1F110 )

134200 &0 10 7010




134300 7010 WRITE(KW,6130)
134400 QWC

134500 (WC WRITE OUT TABLEAU F(R COMPARISON OF THREE METHOXS

lm % 1 t XY

134700 6130 FORMAT(1X,'*',5X,'* S * 3% ELLING 30" METHD 1),

134800 1200, * MR ) 3)( MR S, 11X *)

134900 VRITE(KH.GMO)

135000 6140 FORMAT(IX, '+, 2X,'CB,20, "% ,2X,'T # * IRICE § *',4%,'1",4,

135100 1" 4X 2 4X V' ax, "L gxﬂ't' 20X,'* ROADS * LAND *xt

B0 2 D TRUX % QONTANTS *')

135300 WRITE(KW,6150) )

135400 6150 FORMAT(LX,'*',7X,'* S* * (Y0) * ML) * () *2K

135500 ') * 200,73, ¢ (2 * (13) ¢ (28) >,
211X, '* 7 IX, 128" %))

135800 QI DO LOOP CONTROLS PRINTING OF EACH ROW

136000 0 8010 =1,
136100 K = [R(1)

136300 GWC  VARIABLES USED TO CONTROL OUTPUT .

136500 NGO+
136600 No=No+1

136703 MM+

136800 WRITE (KW, 6160) C(K),IVARCL) ,ACLMB), (ACT,J) , =M N80, (ACL, V),
136900 16,80, 8(1)

137000 6160 F(RW\T(lX 3 JIFT.2, 10,1, X0, 12, 4F10.2,20K,410.2,
1371m 1F10.2,1%, '* ny

1372m 8010 (ONTINLE

137303 WRITE (KW, 6115)

137400 WR1 TE (KW, 6100)

137500 WRITE (KW, 6110)

137600 QWC

137700 QWC  PRINTS OUT C-8AR ROW

1378113 CQWC

137900 WRITE(KH,6190) (OMZ(J) ,J43,N), VALIE

138000 6190 FCWJ\T(lX txt 2K, 'CW ROW',3X,'*,410.2,20X,410.2,
138100 1F11.,0,'*)

138200 PRy

138300 GWC

133400 WC WRITE OUT TABLEAU FOR COMPARISON OF FOUR METHOS

138500 GWC
138600 7020 WRITE(KW,6200)

138700 6200 F('RW\T(IX RUEK 'R S KLY Y ELING 40 METHDD 1),

138300 B YR LK)

138900 WITE(KW 6210)

139000 6210 FORMAT(LX, ™', 2X,°CB",2%,"*',2%,' T o * RIE S *' 4x ;1'4 X
139100 1 4X,.090 4X u| 4X,03 A g, g ax, e 9,

139200 2'* R)AIB* LAN')* S(ID*TR(D('(D‘{STANTS **)
139300 WRITE (KW, 6220)

139400 6220 FORMAT(LX, ™" JX,'* S** (YO) * (M) + (@
12050 120,08) x (M) e9G @D) * @ x (13) '+,
130600 224 *,0X,'*,)

139700 WRITE (KW.6100)

139800 »RHE(m,ﬁllS)

139900 m’ 80 =1

140000 GHC

140100 GHC VARIABLES USED T CONTRQL OUTRUT

O
140300 K 2 IVR(1)
140400 N6 = N9+l
14060 N = N5+1

M= Ml
140703 WITE(G4,8230) C(K), TVR(L),ALLMB) , (ACLL D) ,J=M,06), (ACTL ),
140800 1ENA,N) P(T)
14000 8230 FORWAT(IX, '™ lx F7 2,10, '+ 1K, X, 12, 50,2, 9, 10,2,
14000 11X F9'2,1
1411m K)ZO(IM NE
141200 TG, 6115)
141300 WITE(KM,6100)
141400 WRITE (KW,5110)
141500 OHC
141600 OIC  PRINTS OUT C BR ROW
Te1a0g O 6260} (OMZ(J),=M3,N),WLLE
141800 WRITE(KN, .
141903 6260 FGRMAT(IX, " *' ,2X, 'C-BAR ROW ,3X, "**,5F10.2,9K,410.2,'*
4200 PO,
142103 7040 CONTINE
14200 WRITE(W,6131)
142300 6131 FORMAT(1X,128( '+*))
142400 O4C
142500 OWC  CHECK FOR OPTIMAL SOLUTION
142600 0K
142700 F(OM.LT.EPXD TO 192
142800 @ &l
14290 25 IF(IT.EQ.1)60 TO 601
UN00 2% F(QEM.LT.EPED T0 191
143100 801 THETA=9.E30

143200 O
143300 O/C CETERMINE PIVOT ELEMENT IN COLUMN.
143400 GAC DO LOOP CONTROLS SEARCH THROUGH ROWS

143500 OWC

143600 m 812 1-LM

W0 PO LEPXD T 812
B0 THP(IVALOU)
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143500 FOHETALLT.THO T0 812
144000 CWC
144100 OWC VARIABLE THETA CONTAINS VALLE OF PIVOT ELEMENT AFTER DIVISION.

144200 QWC IRIN CONTAINS THE NMEER (F THE PIVOT ROW.

144300 OiC

144400 THETA=TH

144500 RIN=]

184600 812 (ONTINGE

144700 i

144800 ONC OHECK FOR UNBOUNDED SOLUTION.  IF FOUND WITE OUT MESSAGE
%245%) % AND END PROGRAM

1451m lF(T!ETA.Lr.S).(IZO)GO 10 507
KW, 102)

145200

145300 m m 1

1454m 191 F(IREP.EQ.0)G0 TO 601

145500 GWC

lligb;oo OAC VARIABLE PIVOT CONTAINS PIVOT ELEMENT
145800 507 PIVOT=A(IRIN,KOUT)

145900 PUIRIN)=P(IRIN)/PIVOT

Jagn clg:

146100 (NC DIVICE PTVOT ROW BY PIVOT ELEMENT
146200 GWC

146300 m §21 ELN
14540) é’,,é 1 A{IRIN, J)ﬂt\(lkm Jy/p1T

146830 (WC m NECESSARY MATRIX DIVISION AFTER PIWT ELEMENT AND ROW
146703 (N IS FOUND, OUTER LOOP CONTROLS COLLMNS: INNER LOOP
146300 O CONTROLS ROWS

146900 O

147000 DO 522 FIN

147103 J.EQ. murm 10 522

147200 m 523 LM

147300 F(1.£0. IRING) T 523

147400 AL DAL, ) <AL KOUT JRACIRIN, J)

147500 523 CONTIME

147600 522 ONTINLE

1477m m 629 [=s1.M

147800 OWC

%479(1) (W IF STATEMENT PROTECTS PIVOT ELEMENT

148100 F(1LEQ.IRINYO m 5%
148200 OiC

148300 i CALCULATE RIGHT-HAND CONSTANTS
148400 (WC

148500 P(1)=P(1)-P(IRIN)*A(T,KOUT)
148600 QW

148700 G/C ZERO OUT PIVOT COLUMN
148900

148900 Al JOUT)=0),0
149000 529 CONTINLE

149100 EP=EP* 5E-6

149200 CI(IRIN)=C(KOUT)
i4933 ac IVARCIRIN)=NAR{KOUT)

4
149500 GWC SET PINOT ELEMENT m 1.0
149600 QiC

1497m ACIRIN,KOUT)=1.0
149800 ®© 70-194
149900 (¢
150000 QIC  WRITE OUT SUMWIRY (F METHOOS PICKED FROM LP
1501(1) o
192 CONTINE
15&300 11=0
150400 (WC
150500 GiC  ITOT KEEPS TRACK OF NUMEER OF METHOOS PICKED
150600 (UC  TSSUM IS THE SUM OF THE PROPORTION OF EACH METHOD PICKED
150700 GIC
150800 I01=0
150900 INMIP=0
151000 TSSWM=0,0
151100 00 9431 LML,
151200 9431 (ONTINE
151300 00 %433 [HELPY=1,4
151400 [ARR(IHELPY)=0
151500 RC(IHELPY)=0.0
151600 LO(IHELPY)=0.0
151700 K(IHELPY)=0.0
151800 K{IHELPY)=0.0
151900 9433 CONTIME
152000 IMRPH=0.0
152100 MRPC=0.0

152300 IMPC=0.0

K, 6500)
153000 6500 FORMATLIN, 160 %) 57X, *++' 40K, 12( ' %),/ 1X,16('*"),
153100 157X, %kt 40X, 12('%),/,1¥, 16('*') 9,
153200 20800 vACES IN (-8R ROW* , 23 '***‘ X
15300 3'ABVE VALLES IN C-R%R ROW! gxfzw')/lx 160'%),
153400  49X,'ARE  PENALTY COSTS',31X, ' %b 6X,
153500 S SHADOW PRICES'I7X,130* #'),/, 1%, 16( 1 #') 57X, "kt |



153600 BA0K, 120" > )/ IX,16( ‘') 57X, "ot 40K, 12" *),

153700 7/,1X,128('*))

153800 WITE (04, 8002) T

153900 8042 FWAT(IHI 2(/),37%,"FFTER *,13," ITERATIONS THE CPTIMM',
154000 11X, "SOLUTION CORSISTED OF:*

154100 1/ X, 128("%'),/,25K, "ROAD X, 'RORD ,4X,

154200 2'LADING CONST* WA, "LANDING CONST 52X 'TOTPL',/,

154300 31x.'r€nm',6x,'mmo',5x,'com ,4X,'CO‘ST‘,4X,
15400 4'mD* X, 'SVSTEM' L4, AND* 48X, 'SYSTEM' , 3X, 'SKIDOING ',
154500 54%, 'SKIDDING' ,4X, *TRUCKING' ,4X, ‘TRUCKING* ,4X, 'METHOD'
154600 6/ ,6%, '# 2N, RGRRTION'

154700 15X, 'POLRS X, '00STS! lZX 'HORS', 12X, 'COSTS ',

154800 76x, HXRS' 7X 'COSTS' .7X., HORS" ,7X, *COSTS ", SX 'Q0sTS*,/)
154900 001012 JelM

155000 00 1012 KSI'WH

K2k +1
155200 F(IVAR(1)..K2) @O m 1012
155300 Hell+]
155400 IARR(I1)=IVAR(1)-1
155500 TSSUM=TSSUMEP(T)
155600 TT0T= [T0T+L
155700 PROP(11)=P(I)
155800 12P= JARR(11)
155900 RC(12P)=LOGMET(2,12P)¥ROP(11)
156000 LO(12P)=LOGMET(3, 12P*#PROP(11)
156100 SK(I2P)=LOGMET(4, 12P)*ROP(11)
156200 K(12P)=LOGMET(5,12P)ROP(11)
156300 INMIP=INMIP+1
156400 ROACMC=RC(12P PMEHT
156500 LNﬂCﬂD(I?P)’(DZNC(ILDZR)’rSYS‘QC)
156600 SKIDMC=SK (12P ) *MSKHC

156900 QMRPCSUMPL
157000 MPHSUM PHHD(I2P)
157100 SIMPC

157500 SUMTPCaSUNTPCH TRUMC
157600 TOTHRM=ROADMCHAMOMC+ SKTOMC+TRUKMC

S MTOTSSIMTOT+TOTHM
7D WITELE8NIAR(LL) REP(L,RZ) R LD(12P),
157900 1LAMOMC, SK(12P) ,SKIOMC, TK(12P) , TRUKMC
1o 6047 T, msx:rsuxmuxraoaxw 1 9%,F8.0,2%,
5800 1F904XF803XF914X,F801XF 9.0}

158300 lvRITE(KH ang)

158400 8048 FORMAT(I2X,7( =), 1%, 9(*-*),1X, B *=*) 8K, 9('-*), X,

15850 18(*-),2¢,90'-1). 40800, 3,9 -1) 4,80, T, a )

158600 WRITE (K B0A9) TSSLM, SUMRPH, SLVRPC, SUMLPH, SLMLPC, SMSPH,
19MGPC, SIMTPH, SIMTRC, SUMTOT

158800 8049 th\rhx "TOTALS: * ,5X,F6.2,1%,F9.1,1X,F8.0,8K,F9.1,9%,
1568900 1F802x.F904x,F803XF914xFBOIXF90/.
159000 2x, 280 *))

159100 GIOSVWC"TDTL“.

158200  RMHCROSV-VALLE

159300 UNITHCAVALLE/TOTLVL

OIHL N
159500 WRITE (KW, 8065 JGROSSV,, PROCPC
159600 8085 FGW\T(Z(/) 1X;91('*' ,/ 1%, '(A) TOTIK DELIVERD PRICE',
159700 11X, '0F HARVESTED TIMBER:®,2X,F13.0,7X,"WNIT PRICE: ,3x F9.2)
158800 WRITE (K, 8060 YGRSV, GMNHLC
159900 8060 FORMAT(1X, '(B) TOTAL HPR\ESTIN’S COSTS (THDSE CONSIDERED): *
160000 1,1%,F13,0.7X "UNIT C0STS:*,3K,F9.2,/,58%,7("-1), 24,
160100 27(' )
160200 WRITE(KW, S070)VALLE,, INITHC
160300 8070 F(WAT(ZGX DIFFERENCE: (A)~(8):,2X,F13.0,21X,F9.2,/,
160400 191{'*))
160500 CALL SENS(N,M)

160600 TP

160700 END

160800 SUBROUTINE SENS(N,M)
160900 C

16103 OwonTHIS SUBROUTINE |S THE EXECUTIVE ROUTINE m INITIALIZE THE
ig% o SENSITIVITY ANLYSIS,

c
1610 (OMON £(25),P(25),0M2(25),A(25,25),10(25),, IVAR(25) ,PCOST (25)
161400 1, HAD(25),0.{25) (11(25) QOP(25),0L0(25),BP(25),B.0(25)
161500 2 8(25),0‘2(25) J\AQ
igi% ¢ 3 IRR(4), PRG’M).RCM) LD(4) K (4),K(4)

161800 Ciinkintf IRST, THE LIMITS (N EACH C(J) AREFOIND.  |F X(Lg IS A BASIC
161900 C  VARIABLE, MN SUBROUTINE CBAS |'S CALLED, OTHERWISE SUBROUTINE
162000 C  CNONB IS USED FOR NONBASIC ><(|_) IF X(L) IS BASIC, NOE |S SET
162100 ¢ m 1. OTHERWISE NCLE REMAINS

162200 C

16230 K=
162400 Kn=b
162500 5 NCE=0
162600 KK+l

162700 L=R(K)

162800 FK. GT N)GO m 16
162900 010 Jsl

16000 KVe[WR(] F

163100 IF(L-k¥)10,20,10
163200 20 NOLE=1

163400 1o OONT wras gy
163500 25 CF (NCLE-CNM(K \30) 2

MW5
163700 3 (AL CBASK,N,M)
Qw5

el SUROUTINE BRANG 1S CALLED m [ETERMINE THE RANGES ON THE
}3%38 c mh HAND SITE CONSTANTS E(1).
[

1643110 15 (AL BRANG(N,M)

lﬁasm c‘****MFIML STEP 1S m WRITE THE REPORT. FIRST, ME SHADOW PRICES
AND PENALTY COSTS ARE WRITTEN, #XT, THE RANGES (N M BASIC

1647(10 c PM NOWBASIC C(J) ARE WRITTEN. THEN, THE B(I) RANGES ARE

164800 C  DISPLAYED, AND THE SENSITIVITY ANALYSIS | S COMPLETED. DIRING THE

164900 ¢ WRITE ROUTINES, THE SUROUTINE GHECK | S CALLED, WHICH [ETERMINES

165000 C IF X(J) IS BASIC CR NONBASIC |N THE OPTIMUM TAREAU.

165100 ¢

165200 WRITE (KW, 1U0)

165300 WRITE (KW, 1000)

165400 WRITE(KW,101)

165500 WRITE (W, 102)

165600 KS

165700 1 1 K=K+l

165800 F(K.GT.N) @ m 31

165000 ‘XL 0{0((!(."15 NM)

166000 FNQE-1) 21,11,21

%661(1) 21 WRITE(KN, 103) RR(K) ,POOST(K)

166300 CX
166400 CX  WRITES OUT NON-BASIC VARIABLES AND PENALTY (ISTS

166800 @m11
166800 Q:l WITE(KW,149)

167200 (X WRITES OUT ROW NUMEER AND SHADOW PRICES

167500 00 22 sl
167000 22 WRITE(K, 103) 1,240

WRITE (KW, 104)
167800 WRITE (KW, 106)
167933 K0
168000 40 K=+
168100 F(K.GI.N) @ m 60

(AL
168300 FOQE-1) 50,40,
168400 ca(m WRITE(KN, 106) VAR(K),0L(K)

166708 GK  WRITES CM RANGES (N NON-B/SIC C{J), VRIABLE CDOE
163800 CX  AND ITS LOWER LIMIT

163900 CX

163000 CX

@ 1040
169200 60 WRITE(KW,107)
169300 WRITE (KW, 108)
16800 k=0
19500 70 K=+
169600 JF(K.GT.N) @m %
169700 CALL CHECK(K,NLE N, M)
169800 IF (NQLE)
169500 80 WRITE(KW,109) NER(K) ,CLOK) ,OP(K)
170000 CX
170100 CX
170200 CX WRITES OUT RANGES CN BASIC C(J), WRIABLE LOWER LWT, AD
17000 CXK VRIABLE WPPER LINIT
170400 CX
170500 CX
170600 Rl
17000 90 WRITE(KW,L10)
170800 WRITE(KW,111)
17000 00 9% 12 f‘
171000 WITE(W,112) 1,8L0(1),80P(1)
171103 CX
171200 CX
171300 CX WRITES OUT VARIABLE COCE AND LPPER AND LOWER LIMIT OF B(])
171400 CX
171500 CX

171600 95 CONTINE
171700 10 FORAT(LAL 250, 'SBSITIVITY AVLISIS' 201,
71800 " WRIABLE CUE MMEERS (fSED in fﬁsmwn

172200 510( *INPUT CDSTS (CJ) AND RESOLRCE LIMITS (BJ) T0' ./.
172300 610X, 'BEQOME FAMILAR WITH THE SENSITIVITY ANALYSIS AS IT*,/,
172400 nm(.'mxs TO THE CONVEX-ISOQUANT-METHOD FORMULATION' ,/,
172500 SICLISFRUN L-0-5-T* ,//)

172600 M |, o SNATLINK MOMAESTOY 127 \RENY TY')

172703 102 FORMAT(10X, 'VARIABLES' 13x ‘cost /)

172800 103 FORMAT(13X,12,13X,F12.3

172900 104 FORMAT(4(/),3X, RANGES ON NON-BASICC(O)',/)
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173000 105 FORMAT(10X, ‘VARIARLE ' 11X, 'LOWER LIMIT' /)

173100 10§ FORMAT(I3X,12,14% F11.3)

1730 107 F(RW(M/) 3X RAMISONW\SICC(J) W)

17330 108 FORMAT(I0X, VARTABLE 11X, 'LOMER LIMIT', 11X, "\PPER LIMIT' ,/)
173800 109 FORMAT(LIX 12, 14X, F11.3, 11X, F11.3)

1730 110 FGNATM{/) 3X RANGES ON B(I)' )

173600 111 FORMAT(14X,'1*,14X, 'LOWER LIMIT*, 11X, "(PPER LIMIT' /)
7300 112 FRMATCIX T2, 14X, F11.3, X, FILY)

173000 149 FCRMAT(3(/), 13X, 'ROW* 15X, "SHADOW' ,/, 12X, 'NUMEER* , 13X,
17900 1'PRICES*,/)

178000 1000 FGRVAT(1X, 'SHADOW PRICES ARE CHANGE IN OBJECTIYE FINCTION',
174100 11X, WALLE PR UﬂT CHANGE*,/,6X, ' IN RIGHT rwo SILI‘
174200 21X 'CONSTRAINTS. " ,2(/),1X, "PENLTY COSTS /RE CHANGE

174300 31X, ' IN OBJECTIVE FU{:TIOV VALLE PER (NIT' ,/,6X,

178400 4 TNCREASE I NON-BASTC VARIARLES. ', 2(/), lx

174500 SIRANGES N C(J) REPRESENT LIMITING VALLES CF cosT*

174600 61X, 'COEFF ICIENTS. THAT' / 6X, 'WILL MT CHANGE THE CPTIMM',
174700 71X, *SOLUTION® ,2(//),2X, 'RANGES CN B(1) REPRESENT L IMITING',
174800 81X "VALLES oF RIGHT HWD SICE wSTRAINTS W 6x THAT WILL,
174900 91X, “NIT CHWGE (PTIMM BASICVARIARES, ,2(/))

175000 RETLRN

175100 END

175200 SUBROUTINE CHECK (K, NOLE , N, M)

175300 COMMON C(25),P(25),042(25) ,A(25,25),2J(25) , IVAR(25),,POOST(25)
175400 1, SHAI0(25) 0L (25),0U(25), OUP(25),0L0(25) , BP( 25) ,BLO(25)
175500 2,B(25),L(25) ,JVAR(25)

1756:1) 3, 1ARR(4) ,PROP(8) RC(8) LD(4) ,K(4) ,TK(4)

17510

175800 C*****THIS ROUTINE CHECKS TO SEE IF THE INDEX OF X(L) MATCHES THE
175900 € INDEX OF ANY (F THE OPTIMM BASIC VARIABLES. | THERE
176000 ¢ IS A MATCH, NQRE IS SET TO 1, OTHERWISE A VALLE OF ZER0 IS
17610 C  RETLRNED.

176200 ¢
176300
176400 NQLE:
176500 00 10 I=L,M
e  Kv=IvR(I)
176700 F(L-kv) 10,20,10
176800 20 NOE=1

176900 10 CONTIME

177000 RETWRN

END .
177200 SUBROUTINE CNONBLK, N, M)
17734l ¢
1774m ct-nmmls ROUTINE OETERMINES THE LOMER LIMIT FOR NONBASIC C(J).
M METHOO USED 1S m FIND THE MINIMM VALLE CF C() SUCH THAT
1776000 CBAR(J) IN THE CPTIMM TABLEAU RIMAINS NEGATIVE, THUS MAINTAINING
177700 C  QPTIMALITY (F THE CLRRENT SOLUTION.

177900 (DN C(25) P(25),0M2(25) ,A(25,26),20(25) , IVAR(25)  PODST(25)
178000 1,3400(25) (1(25) QJ(ZS) OP(25),0.0(25),80P(25),8.0(25)
178100 2,B(25),00(25) ,J

178200 3 INRM) R(P(‘l) RC(4).LD(4) X(4),TK(4)

178400 ZZ=0

178500  10KV=IVAR(J)

178600 T=THL(KVIA(IK)
Bl

178800 FL.EILM 6 m 20
178900 @010

179000 20 Q.(K)=Z

179100 QU(K )=999999,

179200 C

179300 Cooee INCLIDED IN THIS ROUTINE IS THE TIENTIFYING OF THE PENALTY
17940 C  COST OF THE NONBASIC VARIARLES. IT SHOULD B

179500 C  NOTED THAT IF THE PENALTY COST OF ANY NONBASIC X(J) IS ZERO,
179600 ¢ THE PROGLEM HAS AN ALTERMATIVE OPTIMUM SOLUTION USING X(J).

179800 POOST(K)-CMZ(K)
RETIRN

L=WR(K)
=0

179900

180000 0

180100 SUBROUTINE CBAS(K,N,M)
180200 €

180300 € THIS SUBROUTINE DETERMINES THE RANGE (N OPTIMAL BSIC C(J)

180600 DIMENSION 75(60)

180600 COMON ((25),P(25),(MZ(25) ,A(25,25),10(25), IVAR(25) ,PODST(25)
180700 1, 40025, 0.(25),00(25),0P{25),0.0(25), BP(25), B.D(25)
180800 2,8025),0C(5), WR(Z5)

%%%C 3,IARR(4),PROP(4) ,RC(4) ,LD(4) ,K(4), TK(4)

181100 Owwierke JRST, A MAXTMM LIMIT IS SET ON THE UPPER AND LOWER BOUND
18200 C  FR C(). IF THE FINLRESWLT IN THE OUTPUT IS THIS

181300 C  MAXIMUM VALUE T CAN BE ASSLMED THAT M LIMIT O0ES NOT EXIst.
18140 C

18150 QUP(K )=999999,

18160 Q.O(K)=-999999.

181700 ¢

181800 pwwonkTHE LIMITS QN BASIC C(J) ARE DETERMINED BY THE VALLES CF THE
181900 C  NONBASIC ((J)'S, EACH NONBASIC C(J) | S TREATED SEPARATELY, AD
182000 C A LIMIT ONC(J) 1S DETERMINED BY FINDING THE MAX CR MIN VALLE
182100 ¢ C() MY HAE IN ORIER m MAINTAIN THAT CBAR(J) NEGATIIE.
182200 ¢

182300 30

182800 10 Jeul

182500 F(LGLN) @ m 75

182600 €
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182700 Owo*zS(J) [S THE VALLE OF THE M (F THE INER PRODLCTS OF CB anp
%E ABRR, EXCLIDING THE TERM INVOLVING THE BASIC C(J).

183000 ZZSJ) ={,
183100 I
18200 15 I=l+]

183300 F(L.EIM G m 20

183400 TF(JWR(J) .EQ. IVAR(1)) GO m 10
183500 ®mi5

183600 20 {s)

183700 22 L=l#l

18380 25 F(L.GTM) GO m 30

183900 LV=IW(L)

184000 F(LV.EQ,JWR(K))

184100 ZS(J)"ZS(J)*’CC(LV)*A(L J)
184200

184300 3SNI-L

184400 @ 10 22

184500 €
184600 O IE ANLLJ) ISSMALL, IT ISIGNORED BECAUSE 1T APPEARS IN The
184700 ¢ EAMINATOR, Onﬂzulss IF IT IS POSITIVE, A LOWR LIMIT 1S
%84&I)C FOUND, AD IF IT IS NEGATIVE, AN UPPER LIMIT IS FOLND. THESE
84900 C  VALLES ARE MN COMPARED M TIE PRESENT LIMITS.

llBﬁ(l'.ﬂ1 c RESTRICTIVE THAN THE PRESENT LIMITS, THE PRESENT LIMIp,SﬂAREMRE
85100 C REVISED.

185200 €
185300 30 F(ABS(A(NIL.D), LT 1.6-08) @) m 10
185400 F(A(NL, 3 Mm,10,60

185500 40 TCU= (C(0)-2S(J)) /AN,y

185600 TF(TQU.LT.OP(K)) CLP(K)=TQU
185700 ®mlo

185800 50 TOL=  (CJ)-IS(J))/AINI,J)

185900 F(TQL.GT.QL0KY) (LO(K)=TCL
186000 @ mlo

186100 75 CONTINE

186200 FETIRN

186300 END

186400 SUBROUTINE BRANG(N,M)
186500 €

ﬁgﬂ) ?‘****THIS ROUTINE CETERMINES THE RANGES ON AL B(I).
186800 DIMENSION PPRIME(40)

186900 COMMON ((25),P(25),0MZ(25) ,A(25,25),20(25),, IVAR(25) ,PCOST(25)
187000 1, 3400(25),0.(25), CU(ZS) ZJQP(25),0L0(25),8P(25),8.0(25)
187100 2,8(25) CC(ZS) JWR(25

187200 3,INR(4) L,PROP(4) .RC(4) LD(4),5K(4),TK(4)

18730 X0

187400 3 KK+]

187500 F{K.6T.M)G m 36

187600 C

187700 (e INITIAL LPPER AND LOWER BOUNDS (N B(K) ARE SET.
187800 C

187900 BUP(K )=999999,
188000 BLO(K )=-999999.
188100 1=0

188202 0 =Rl

18830 F(L.GT.M) @ m 30
188400 C

188500 Corer+PPRIVE IS THE VALLE OF THE SUM OF THE INNER PRODLCT B-INVERSE
188600 C  TIMES B(1), EXQLIDING THE TERM INVOLVING THE
e LIMITS FQR.

188900 C

188900 PPRIME(1)=0.
189000 0

189100 10 J=0¢l

189200 F(J.6T.M) m m 25

189300 TF(J.EQ.K
189400 PPRIbE(I )=PPRI!€(1 HALLJ)8()
@M1

189500

180600 15 N[sJ
18970 IRUBY
189800 €

189900 OvewrtIF ALY NI) IS AL, IT IS IGUIED HIESBIT LIMITS ARE Tex
190000 C  REVISED IF IMPROVEMENTS M

190100 ¢

190200 25 JF(ABS(A(I,NI)).LT.1.E-8) GO TO 20

190300 FIND) 26,20.27

190800 26 TRI=PPRIME(])/A

190500 lF(TBU LT, &P(K)) &P(K)xm

190600

190700 27 1&=-PPRIVE(I)/AI NI)
looan - F(T8GT.80K)) BLOK)=TRL
190900

181000 3 3 mN

191100 N

191200 /@)

data cards go here
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ging Optimization Selection Technique. U. S. Dept. of
Agric. For. Serv. Res. Pap. SO-203, 66 p. South. For. Exp.
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L-O-S-T is a FORTRAN computer program developed to
systematically quantify, analyze, and improve user selected
harvesting methods. Harvesting times and costs are com-
puted for road construction, landing construction, system
move between landings, skidding, and trucking. A linear
programming formulation utilizing the relationships among
marginal analysis, isoquants, and the harvesting methods is
used to estimate and select the harvesting procedure having
maximum  profits.
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